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=—HIS paper represents a colligation of materials on foot 

==) length from upwards of sixty studies. Included are several 

=) analyses of data drawn from previously unpublished in- 
i} vestigations. 

Consideration has been restricted to inhabitants of North and 
Central America. Within this geographic zone, an attempt has been 
made to compile and integrate all of the research information present- 
ly available on length of the human foot. 


PRENATAL PERIOD 


It is a morphologic commonplace that during the period of the 
ovum (i.e. the first two weeks following fertilization) the human 
organism registers no observable indications of lower extremities. 

In the period of the embryo (1. e. between two and eight weeks after 
fertilization), lower limb buds protrude from the trunk, the feet be- 
come delimitable segments of the lower limbs, and foot length emerges 
as a morphologically definable (e.g. posterior of heel to tip of longest 
toe) and measurable dimension. 
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Bardeen and Lewis (1901) studied the earliest indications of the 
foot, or pes, utilizing 18 embryos between the approximate ages of two 
and seven weeks. Thirteen of their specimens belonged to the collection 
of Franklin P. Mall, and were housed in the Anatomical Laboratory 
of the Johns Hopkins University, Baltimore, Maryland. These were 
supplemented with five embryos of “the His collection”. 

On the one specimen younger than four weeks (crown-rump length 
.2 cm.) there were “no external visible signs of limb buds” (p. 4). For 
each of five specimens in the fifth week (crown-rump lengths .4 cm. to 
.5 cm.), the lower extremities were “represented by a slight swelling 
opposite the Ist to 5th lumbar and Ist sacral myotomes” (p. 4). In 
two embryos approximately six weeks of age (crown-rump length 1.1 
cm.) there was “distinct differentiation of the foot” (p. 8). Specifically, 
for both these embryos the distal part of each lower extremity was 
“flattened so that it presented median and lateral surfaces”, and there 
was a constriction “immediately beyond the region where the distal 
flattened portion of the limb joined the thicker rounded base” (p. 13). 
Additional observations were given on one embryo each in the seventh 
and eighth weeks. The former (crown-rump length 1.3 cm.) . had 
foot plates or disks upon which digitation had “begun”, while the 
latter (crown-rump length 2.0 cm.) showed “fairly distinct” toes. For 
both specimens the “twist at the ankle” had not begun, so that the foot 
lay “in the same plane with the leg” (p. 9). 

A second paper dealing with the stage in embryonic growth when 
the “free extremity of the limb-bud becomes flattened and differentiated 
into the anlage of the foot” was published by Bardeen (1905). Again, 
the subjects were a small series of human embryos “belonging to the 
collection of Prof. Mall, at the Johns Hopkins University, Baltimore” 
(p. 265). Bardeen epitomized his findings as follows: “In Embryos 
CCXLI, length 6 mm.; II, length 7 mm.; CLXIII, length 9 mm.; and 
CCXXI, length 13 mm., I find no distinct signs of a foot-plate. In 
each of the following embryos I find a foot-plate which has not dis- 
tinctly undergone further differentiation: CIX, length 11 mm.; 
CLXXV, length 13 mm.” (p. 290). 

Arey (1934), in a textbook characterization of the typical sequence 
of foot development “between the fifth and eighth weeks,” has 
succinctly stated : “The limb buds appear during the fifth week as lateral 
swellings . . . The distal end of a limb bud flattens and a constriction 
divides this paddle-like portion from a more proximal, cylindrical 
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segment . . . Radial ridges, separated by grooves, first foretell the for- 
mation of digits. These elongate into definitive . . . toes,” and the great 
toe “separates widely” from the second toe (pp. 144-145). 

Particularly pertinent with reference to the measurement of foot 
length is the pattern of toe projection (the digital formula) of the 
foot in late embryonic and early fetal life. This has been studied by 
Schultz (1924) and by Straus (1927). 

Schultz, in a preliminary report (1923), stated that his findings 
were based on an examination of “623 of the best of the normal and 
well-preserved specimens, both White and Negro,” from a collec- 
tion of “over 5,000 human embryos and fetuses in the Carnegie 
Laboratory of Embryology” (p. 389). According to this report, it had 
been found that “in a fair percentage of fetuses from the end of the 
second and the beginning of the third month the middle toe is the 
longest. Very soon afterward the second toe becomes the longest in a 
large majority of cases; not until the fourth month does the great toe 
project farther than any of the other toes, and then only in a small 
minority of cases. The frequency of instances in which the great toe 
is shorter than the toe II decreases . . . with advance in fetal deve- 
lopment, but such cases always remain much more common in the 
Negro than in the Whites” (pp. 395-396). In his more detailed pre- 
sentation (1924) Schultz cast these findings in more specific and 
quantitative form. To quote: “. . . in fetuses of the eighth and ninth 
week the digital formula may read: 3>4>2>I1>5... at ten weeks 
the formula has, as a rule, become altered to: 2>3>4=1>5; at twelve 
weeks it is most frequently in Whites: 2>3=1>4>5, and not until 
the eighteenth week does it become characteristic for the White human 
fetus to show the following formulae: 2=1>3>4>5 (44 percent of 
specimens ) and 2>1>3>4>5 (40.5 percent), while in Negroes of that 
age it is on an average: 2>3>I1>4>5” (pp. 158-159). 

The study by Straus was also made at the Embryological Labora- 
tory of the Carnegie Institution of Washington, and presumably utilized 
some of the same specimens employed by Schultz. Straus’ specimens 
numbered 50 —“2g Whites, 12 Negroes and nine of unknown race, 
either White or Negro” (p. 100). Seven were grouped in the age 
period from “the eighth to the twelfth weeks (crown-rump length 
2.3 cm. to 5.4 cm.)”, 14 in the fourth month (crown-rump length 
6.4 cm. to 10.7 cm.), eight in the fifth month, and the remaining 21 
in prenatal months six to nine. The findings were: “Of seven fetuses 
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of the eighth to the twelfth week, in three the second toe was the 
longest, in four the third toe . . . In all of the 14 fourth-month fetuses 
the second toe was the longest. In no specimen younger than the 
fifth month was the big toe the most prominent; indeed, during even 
the last half of prenatal life, toe 1 was the longest in only 25 percent 
of the individuals examined” (p. 129). 

Growth in foot length during the fetal period has been studied 
by Streeter (1920) and by Scammon and Calkins (1929). The for- 
mer utilized 704 specimens of the collection at the Embryological 
Laboratory of the Carnegie Institution. The specimens had been 
sent in by various physicians largely between 1915-20. They were 
predominantly “specimens of the first half of pregnancy” and “chiefly 
from abortions” (p. 151). All were morphologically “normal” in ap- 
pearance. “By far the greater number” were of White ancestry and 
these were “about equally divided as to sex” (p. 152). For the total 
series, the numbers were as follows: “White males 252; White females 
241; Negro males 66; Negro females 60; other races, males 15, females 
11; unidentified as to race or sex 59” (p. 152). “Much of the material 
was accompanied by clinical records of the menstrual age” (p. 145). 

Fixative conditions were “maintained as nearly uniform as possible” 
(p. 145). All specimens were preserved in 10 per cent formalin solu- 
tion for a period of two weeks prior to measurement. “Some fetuses 
of over 400 grams weight were embalmed with a 10 per cent formalin 
solution injected through the umbilical artery” (p. 148). 

Foot length was “taken with a small sliding compass, the length 
being measured from the posterior surface of the heel to the tip of 
the first or second toe, whichever was the longer. Where there was a 
difference in the size of the two feet the longer one was recorded” 
(p. 150). The foot was “held as straight as possible during the 
measurement” and “the determinations were made for the most part 
by the same person” (p. 145, 150). 

The centimeter increase in mean foot length (see Table 1) was 
found to be greater between four and six lunar months (menstrual age) 
than between either two and four months or six and eight months. In 
general, the percentage incremerts in mean foot length indicated a 
slowing rate of growth with each successive month. 

On transposing the age scale into approximate equivalents for fer- 
tilization age (true age of the organism) in calendar months, mean 
foot length was interpolated as 1.5 cm. at age three months, 3.5 cm. 
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TABLE 1 


Foot length (cm.) of “normal” fetuses accumulated at the Carnegie 
Laboratory of Embryology c. 1915-1920 





MENSTRUAL AGE N GAIN IN MEAN 


(wks.) (lunar mos.) Absolute Percentage 





8.5 
12 
16 


7-1 
1.8 -2.2 
3.1 - 3.6 
4.2-4.9 
5-1 - 5.9 
5.9 - 6.7 
6.9-78 
7.7 -8.7 


SO MN ANEW: 





at the midpoint of the prenatal period (4.5 months), and 5.4 cm. at 
age six months. The zone of individual differences at age six months 
extended from approximately 5.0 cm. to 5.8 cm. 

Scammon and Calkins’ analysis of measurements of foot length 
was based on a series of 299 human fetuses ranging in stature (“crown- 
heel length”) from 5.0 cm. to 54.4 cm. The series formed “part of 
the collections of the Department of Anatomy and the Department 
of Obstetrics and Gynecology of the University of Minnesota” and 
was “selected from a much larger group by discarding all soft and 
distorted specimens” (p. 2). “Only Caucasian material was used .. . 
the material came from the Minneapolis General Hospital, the Elliott 
Memorial Hospital of the University of Minnesota, and similar local 
institutions” (p. 3). 

The specimens were “preserved in 10 per cent formalin solution 
... for at least six months before they were measured” (p. 3). “The 
majority of specimens of 35 cm. or more crown-heel length were also 
injected through the umbilical vein with a considerable amount of 10 
per cent formalin alone or with the addition of 1 per cent chromic 
acid at the time of their preservation” (p. 3). 

Foot length was measured “as a straight line from the posterior 
margin of the heel to the tip of the extended great toe” (p. 245). Ap- 
parently, records were secured for “the right limbs only” (p. 215). 
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In the main, the measurements were made during the period 1919-21 
by Drs. Raymond Dittrich and Leroy A. Calkins.* 

Direct distribution of the data by age groups was not possible 
“since few of the specimens were accompanied with clinical histories 
from which the age could be estimated with any accuracy” (p. 47). 
Alternatively, primary grouping of the data was made “on the basis 
of the total or crown-heel length” (p. 29). Ten successive “5 cm. in- 
terval” groups were formed. For each group, the mean foot length 
was calculated and notation made of the minimum and maximum 
values. In order to obtain approximate age equivalents for the means 
of the stature groups “18 of the more complete sets of data on body- 
length and prenatal age” were examined, and the set by Mall (1910), 
which represented “by far the largest group of cases”, selected as 
“the best available” (pp. 47-48) (see Table 2). 


TABLE 2 


Foot length (cm.) of Minnesota White fetuses largely of northwest 
European ancestry 





CROWN-HEEL NUMBEROF FOOTLENGTH MEAN MENSTRUAL AGE (lunar mos.) 
LENGTH (cm.) SPECIMENS Mean Range AS ESTIMATED FRUM 
Mean Range MALL’s (1910) STUDY 





8 5-10 
1.3 1.0-1.8 
2.0 1.7 - 2.4 
2.9 2.2 - 3.8 
3-7 3-1 - 4.3 
47 40-5.6 
5.3 4.5 - 6.0 
6.0 5.3 - 6.9 
6.9 6.4-7.7 
7.7 7.1-8.7 


78 5-10 
12.5 10-15 
17.2 15-20 
22.5 20 - 25 
27.1 25-30 
32.6 30-35 
370 35-40 
42.1 40-45 
473 45-50 
5255 50-55 


ESssRssaxek 





Using the means for foot length as ordinate values and those for 
estimated menstrual age as abscissa values, a central tendency curve 
was drawn and the following interpolations read: 


* It will be recognized that the anthropometric technique here is not identical with 
that employed by Streeter (1920). The Streeter procedures would tend to yield 
higher means, particularly so in the earlier fetal months. 
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Menstrual age (lunar mos.): 5 7 8 9 
Approx. mean foot length (cm.): ‘ ’ 29 4: 308 $8 66 


The centimeter increase in pes length was greater between three and 
six lunar months (3.4 cm.) than between six and nine lunar months 
(2.5 cm.). The percentage increase diminished month by month: 


Age interval (lunar mos.): 3-4 4°5 5-6 6-7 7-8 8-9 
Approx. percentage increase 143 71 41 22 16 14 


Corrected to approximate fertilization age, mean foot length may 
be estimated as 1.3 cm. at three calendar months, and at the five suc- 
cessive calendar months as 2.5 cm., 38 cm., 4.9 cm., 5.7 cm. and 6.5 
cm. respectively. At the midpoint of the prenatal period (4.5 calendar 
months ), this study appears to yield a mean foot length of approximately 
3.1 cm. 

The foregoing materials pertaining to growth in foot length during 
intrauterine life may be summarized as follows: 

1. The anlagen of the human feet, or pedes, begin to protrude 
from the body stem during the fifth week after fertilization as part of 
the lower limb buds. By the end of the sixth week the feet have become 
fairly well circumscribed plates of tissue, though they still lie approxi- 
mately along the same axes as the shafts of the legs. Gradually, these 
plates develop four fan-shaped grooves distally, and begin to turn out 
of the leg planes. At the close of the eighth week each pes is normally 
characterized by discrete toes and a definitely indicated heel contour. 

2. When the heel contour is first delineated (eighth week), the 
middle toe may be the most forward projecting of the pedal digits. 
Typically, the second toe is longer than the hallux (first or great toe) 
from the third prenatal month through the sixth. The relevance of 
these and later changes in digital relationship to the problem of defin- 
ing and measuring foot length is obvious. 

In addition to appreciating the advantages of a standardized an- 
thropometric technique for determining fetal foot length (particularly 
with reference to the anterior landmark), it is pertinent to recognize: 
(a) the possibility that a slight systematic error accrues from em- 
ploying preserved specimens, and (b) the difficulty of securing fetuses 
whose records yield reasonably precise information for age. The ex- 
tent to which foot length on fetal specimens preserved in 10 per cent 
formalin differs from that on living fetuses of like age has not been 
shown. It is self-evident that valid data for the study of variability 
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in foot length presupposes the accessibility of a large series of fetuses 
for whom age can be calculated directly and depended upon as accurate 
within fairly narrow limits. 

3. Eight weeks after fertilization, mean foot length (1.e. the 
straight line distance from the hindermost point of the heel to the tip 
of the longest toe) approximates one-fifth of an inch. Approximate 
means at selected later ages are three-fifths of an inch at three months 
and two inches at six months. The rate of growth in mean foot length 
tends to decrease continuously; during the fourth prenatal month the 
foot more than doubles its length, in the sixth month its increase is 
reduced to less than 50 per cent, and in the last month before birth 
the increment does not exceed 15 per cent. Absolute variability in 
foot length becomes somewhat greater with age, though at no intra- 
uterine age have individual differences been shown to exceed three-fifths 
of an inch. 

INFANCY 

Within the interval from birth to the end of the second postnatal 
year, twelve studies are available. Initially, each of these studies 
will be reviewed. Their results will then be utilized to formulate a 
series of generalized statements on growth in foot length during hu- 
man infancy. 

Talbot (1924b) collected 30 measurements of foot length on in- 
fants “organically sound,” though “from four to ten weeks prema- 
ture” (p. 30). “The criteria used in establishing prematurity were 
weight, stature, and general considerations, such as facies, texture 
of the skin, undeveloped nails, cry, unstable temperature and his- 
tory of expected birth” (p. 30). 

The subjects were 10 males and 10 females. They were born 
1920-22, and housed partly at the Boston Lying-In Hospital and 
partly at the Children’s Department of the Massachusetts General 
Hospital. When measured, they ranged in postnatal age from seven 
days to seventeen months. Twelve were measured once, seven twice, 
and one at five ages. 


Foot length of premature infants at postnatal ages 7 to 45 days 





AGE GROUP STATURE WEIGHT FOOT LENGTH 
Mean Range N Mean Range Mean Range Mean Range 
(days) (cm.) (qm.) (cm.) 


12 7-18 43.1 38.0-46.5 1660 1304-2098 6.5 6.0-7.8 
30 21-45 45.1 38.0-47.7. 1857 1191-2339 6.7 6.0-7.2 
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Compared with the means for foot length presented in the previous 
section, these means are similar to those on normal fetuses at about eight 
calendar months after fertilization. 

The subject measured on five different occasions—a female— 
had foot length records of 6.1 cm. at two weeks, 7.3 cm. at 2.2 months, 
7.6 cm. at 3.2 months, 10.8 cm. at fourteen months, and 10.4 cm. at 
seventeen months. Only one other record was obtained at a postnatal 
age above three months; this was a single measurement of 11.5 cm. on 
a male infant aged sixteen months. 

Bakwin and Bakwin (1934) studied sex and birth order differences 
in length of the foot “at term.” The subjects were 261 White infants 
born in New York City at the Bellevue Hospital, Fifth Avenue Hos- 
pital, New York Nursery and Child’s Hospital, and New York In- 
firmary for Women and Children. 

Description of the anthropometric procedure, covering both land- 
marks employed and orientation of the foot, was afforded in an earlier 
(1931) paper: “Length of foot. From the point on the heel over the 
tuber calcanei which projects furthest back to the tip of the great toe 
with the foot held at right angles to the leg, in a line parallel to the in- 
ternal margin of the foot” (p. 373). All measurements were made by 
one anthropometrist, Miss Allene Jones. 


Foot length (cm.) of New York City newborns “by sex and order of birth” 





BIRTH ORDER } .D. Be V 





First-born 7.9 ; 4.8 79 . 33 4.2 
Later orders 8.0 , 5.2 49 . .39 4.9 
All orders 7.9 .40 5.0 128 , 36 4.6 





Inspection of the birth order values indicates a slight tendency for foot 
length to be shorter on first-born neonates than on neonates of later 
birth orders. For males, the difference is not statistically significant 
(t=1.7); for females, it is significant at the I per cent level of con- 
fidence (t=3.2). 

Goodman (1941) studied foot length at birth on 120 White in- 
fants born in 1941 at the University Hospitals, lowa City, Iowa. In- 
fants were taken serially as birth occurred except for the exclusion 
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of those weighing less than 2500 gm., those placed under special ob- 
servation, and those with talipes. Sixty subjects of each sex were taken. 
They were almost exclusively of northwest European ancestry, and 
represented “a downward selection with respect to socio-economic 
status” (90 per cent of the mothers were receiving maternity care as 
charity cases). In every instance, measurements were made on the 
day of birth. 

The procedure in taking foot length was (a) to raise the infant’s 
left leg from the measuring table, (b) to orient the sole of the foot at 
right angles with the leg, and (c) to measure the straight line length 
from the posterior of the heel (pternion) to the most anterior point of 
the great toe. Wooden sliding calipers of an especially reduced size 
were used. In securing all records an attempt was made to elicit the 
greatest possible extension of the hallux. 

On each infant examined, the difference was obtained between in- 
dependent measurements of left pes length taken by two anthropome- 
trists. Sixty-nine per cent of these differences did not exceed 0.1 cm., 
28 per cent were 0.2 cm. or 0.3 cm., and the remaining 3 per cent 0.4 
cm. In terms of the Pearson product-moment method of correlation, 
the independent measurements of anthropometrists A and B yielded a 
reliability coefficient of .89. 

A single representative record of pes length for each subject was 
derived in the following manner. Where the difference between the in- 
dependent readings by anthropometrists A and B did not exceed 0.2 
cm., the mean of the two readings was taken. Where a difference of 
0.2 cm. was exceeded, “each anthropometrist made an additional de- 
termination and the mean of the four readings was taken” (p. 23). 


Foot length (cm.) at birth of White infants born in Iowa City 1941 





N MEAN AND S. D. V PERCENTILES RANGE 
MEDIAN 2sth 75th 





Males 60 8.0 .32 4.1 78 8.2 7.3 -8.7 
Females 60 78 .29 3.7 7.6 8.0 7.7-8.5 





These figures register a slight tendency for male neonates to exceed 
female neonates in foot length. They also confirm the findings of Bak- 
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win and Bakwin that the foot length of newborn females is less variable 
than that of males. 

Ito (1936) obtained measurements of foot length on 202 full- 
term infants of Japanese ancestry born between 1932 and 1935 in 
Los Angeles, California. Approximately 56 per cent of the mothers 
were primiparae. The fathers were “laborers, farmers, horticulturists, 
clerks, small merchants, public officials and professional men. The 
majority were of the laboring class but were comparatively well-to- 
do for Japanese in California” (p. 321). 

Length of the foot, “from the heel to the tip of the great toe”, was 
measured “with a steel tape” (p. 323). The measurements were taken 
between birth and the seventh postnatal day, the majority being made 
“on the third, fourth, or fifth day” (p. 321). 


Foot length (cm.) of Los Angeles neonates of Japanese ancestry 





AGE GROUP MALES FEMALES 
Median Range N Mean Range N Mean Range 
(days) 





0 to 7 04 8.1 7.2-9.3 108 7.9 7.0 -9.0 





Compared with means from samples of American-born White neonates, 
Ito’s means for American-born neonates of Mongoloid descent are not 
appreciably different. Specifically, they are slightly higher than the means 
obtained from some White samples and slightly lower than those obtained 
from others. It must not be overlooked that Ito’s measurements were 
made with a steel tape, which seemingly implies that projections from the 
landmarks to the tape were made by eye. 

Taylor (1919) analyzed measurements of foot length (distance 
“from the heel to the tip of the toes”) on 250 infants characterized as 
“normal and born at term” (p. 353). The data were collected between 
1914 and 1917 at the University Hospital, Minneapolis—a charity hos- 
pital admitting primiparous women almost exclusively. “Eighty-one per 
cent of the babies were measured on the fourth, fifth, or sixth day of 
life, none earlier than the second, and none later than the tenth” (p. 
353). Roughly two-fifths of the mothers were of Scandinavian an- 
cestry, two-fifths of other northwest European stocks, and one-tenth 
Jewish. 
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Foot length (cm.) of Minneapolis neonates, predominantly first-born 





AGE GROUP MALES FEMALES 
Median Range N Mean Range N Mean Range 
(days) 





2 to 10 125 8.3 6.7 - 9.6 125 8.1 7.2-9.2 





As for the studies by Ito and Goodman, the central tendency value on 
the male subjects is higher than that for the females. 

Cates and Goodwin (1936) reported an analysis of data for pes 
length accumulated on 669 neonates “born in the Obstetrical Department 
of the Toronto General Hospital” during the three-year period 1923-35 
(p. 433). The subjects were “normal,” full-term (4. e. neither “prema- 
ture” nor “over-term”) infants. They were examined “in a great ma- 
jority of cases on the twelfth day—never earlier than the eleventh and 
never later than the fourteenth” (p. 438). 

Pes length was measured with sliding calipers and was seemingly 
taken, following Scammon and Calkins, as the distance from the pos- 
terior margin of the heel (pternion) to the tip of the extended great toe. 
The measurements were made by Drs. D. Borsook, J. C. Goodwin, and 
D. Irwin. In order “to determine the precision” of the data, Borsook 
made 30 separate determinations on one subject. “This was done at one 
sitting and an independent observer read the instrument and noted the 
result each time” (p. 435). The 30 records distributed themselves from 
a minimum reading of 8.2 cm., through a mean of 8.5 cm., to a maxi- 
mum reading of 8.8 cm. 


Foot length (cm.) of Toronto neonates born 1933-35 











AGE GROUP FEMALES 
Median Range N Mean S.D. V 
(days) 








12 I1 thru 14 343 «(8.4 , 5.8 326 82 45 5.5 





The typical male infant of the second postnatal week was found to have 
a slightly longer foot than the typical female. Further, compared with 
the female, “the male showed somewhat greater variability” (p. 445). 
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Richdorf (1925) accumulated approximately 600 measurements 
of foot length distributed over the first postnatal year. The subjects 
were 390 White infants (“majority of Northern European extraction” ) 
residing in Minneapolis, St. Paul, and Rochester, Minnesota. All were 
considered negative for congenital abnormality, prematurity, birth in- 
jury, acute and chronic disease, and “nutritional disorder.” Their 
fathers were “skilled workmen, tradesmen, or professional men” (p. 
14). “Medical attention and instruction in child care was available for 
the mothers . . . Solid food (cereal well cooked) was begun from the 
fourth to the seventh month, and vegetables about a month later . . 
Orange juice was given in all cases . . . Cod liver oil and sunlight were 
recommended almost routinely” (pp. 15-16). 

Foot length was measured “as a straight line from the posterior 
margin of the heel to the tip of the extended great toe, or to the second 
toe, in those cases where it was the longer digit. The actual measure- 
ment was made with the type of caliper used by the shoemaker in de- 
termining the length of the foot and the size of the shoe. The readings 
were taken from the instrument with a millimeter scale” (p. 43). Find- 
ings at selected ages are shown in Table 3: Average foot length 


TABLE 3 


Foot length (cm.) of Minnesota urban infants of middle and upper classes 





AGE GROUP PERCENTILES 
Midpoint Range .D. 25th 75th Range 





7 days 3 to 10 , F 7.7 8.0 7.4- 86 
6 wks. 4 thru 7 . ; 8.0 8.6 7.3- 9.0 
3 mos. 2 thru 3 . 8.7 9.2 7.8-10.0 
6 mos. 5 thru 6 ‘ $ 9.5 10.3 8.7-IL0 
9 mos. 8 thru 9 ’ . 10.2 109 9.6-11.7 
II mos. 1o thru II . ‘ , 10.5 11.2 9.7-12.3 


Females 


7 days 3 to 10 78 d . 7.6 9 7.3- 82 
6 wks. 4 thru 7 8.3 ; . 8.2 5 7.4- 93 
3 mos. 2 thru 3 8.6 . 8.3 9 7.7- 98 
6 mos. 5 thru 6 9.7 " , 9.3 . 86-11.0 
9 mos. 8 thru 9 10.4 F . 7 9.1 - 11.5 
II mos. 10 thru II 10.8 ‘ . I 98-121 
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one week after birth was 7.9 cm. for males and 7.8 cm. for females. 
For each sex, the average at eleven postnatal months was 3.0 cm. (ap- 
proximately 38 per cent) greater than at one week. Between one week 
and six months the increases in average were double those between six 
and eleven months. At different ages, the central one-half of the foot 
lengths fell within zones varying from 0.3 cm. to 0.8 cm. At no age 
studied did the range of a distribution exceed 2.6 cm. The overlapping 
of distributions was considerable, there were individual infants ex- 
amined at age eleven months who had feet as short as other infants 
aged three months. 

Central tendency and variability values for foot length were re- 
ported by Bakwin and Bakwin (1936) at several ages during the 
first postnatal year. The data were obtained from about thirteen 
hundred examinations made on 198 White infants (94 males and 104 
females) born at the Fifth Avenue Hospital, New York City, and 
“supervised from birth in a special clinic” for well infants. The sub- 
jects were described as mainly of North European, Mediterranean or 
Jewish lineage, and “from homes of moderate income” (p. 177). Foot 
length was measured from the pternion to the tip of the great toe, in a 
line parallel with the internal margin of the foot. Table 4 reproduces 
the values secured for six age-sex subgroups. The investigators 
stated that central tendency figures for intermediate ages could be 
“readily obtained by constructing curves from the mean values afforded 
and interpolating” (p. 177). Following this suggestion, mean foot 
length at age six months is 10.0 cm. for males and 9.6 cm. for females. 


TABLE 4 


Foot length (cm.) on New York City infants of middle classes 





AGE GROUP $ FEMALES 
Midpoint Range oe Mean S.D. V 
(wks.) 





othru 3 . : 78 38 48 
4thru 7 , ’ 8.1 41 5.0 
8 thru 15 . : ’ 8.7 . 5.0 
24 thru 31 . ‘ , 0.7 4.1 
36 thru 43 . , 10.5 : 4.9 
48 thru 55 ; , Y 11.2 ‘ 43 
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Davenport (1938) published figures representing pes length “at 
about one month and at about one year” (p. 281). He accumulated his 
data during the years 1933-37 at the Normal Child Development Study, 
Babies Hospital, New York City. The subjects were 34 normal in- 
fants, 19 males and 15 females. Almost 80 per cent were of northwest 
European descent, with the remainder largely of Italian ancestry. All 
were considered to have been so fed that “the vitamin requirements for 
growth were satisfied” (p. 275). 

Measurements were taken on the right pes. An estimate of their 
reliability was derived from individual growth curves. This was pos- 
sible since each subject had been examined at frequent intervals and 
his successive records plotted against age and smoothed. The differ- 
ence was obtained between each measured value and “the probable 
value as estimated by smoothing” (p. 277). The average of these dif- 
ference values was 0.09 cm. 


Foot length (cm.) of New York City infants 





I MONTH I YEAR 
Mean S.D. V Mean S.D. V 





8.2 58 7.1 il.4 31 2.7 





It was not stated whether the full 34 subjects were examined at each 
age. The sexes were not separated. Mean foot length at one year was 
found to exceed that at one month by 3.2 cm., or more than 39 per cent. 

Talbot (1924a) collected measurements of foot length on approxi- 
mately 200 “clinically normal American children” between the post- 
natal ages of two weeks and two years. The subjects were considered 
“average children within the accepted normal limits of height and 
weight for age” and were claimed “not to represent exceptionally well 
nourished or poorly nourished children” (p. 541). Roughly half were 
males and half females. Foot length was measured “from the heel 
to the tip of the great toe” (p. 546). 

For each sex separately, the records on every individual for age 
(abscissa value) and foot length (ordinate value) were “plotted on 
charts, and a smoothed curve drawn to indicate the trend of growth” 
(p. 541). Two points should be noted with the reference to these 
curves; they “do not represent mathematical averages” and, as pub- 
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lished, they are difficult to read. It is estimated that the trend line for 
males (p. 548) passes through 9.8 cm. at three months, 10.9 cm. at 
six months, 12.1 cm. at one year, 13.0 cm. at eighteen months, and 13.8 
cm. at two years. The trend line for females (p. 548) appears to pass 
through 9.0 cm. at three months, 10.0 cm. at six months, 11.8 cm. at one 
year, 13.0 cm. at eighteen months, and 14.2 cm. at two years. That these 
figures must be regarded as no more than crude estimates of central 
tendency is attested by the fact that duplicated trend lines covering 
the early months of the first year (p. 554) yield foot length estimates 
at age three months of 10.2 cm. for males and 9.4 cm. for females. 

A series of foot length records secured from frequent measure- 
ment of a single male infant over the first eighteen months of post- 
natal life was published by Hall (1896). The child was “physically 
perfect” at birth and, “except for an attack of whooping-cough,” en- 
joyed continuous “good health” (p. 331). He lived in Switzerland 
until six months of age, in Illinois after ten months. His father’s an- 
cestry was “purely American,” his mother’s “purely English.” The edu- 
cation of both parents included “college and university studies” and both 
were professionally interested in child development. In Switzerland 
and in the United States, the child was “in the open air from one to 
three hours every dry day, even in the coldest weather” (p. 332). 

Length of the nude foot was measured with wooden calipers “from 
the posterior surface of the calcaneum to the tip of the first or second 
digit.” The measurements were made “with the most conscientious 
and painstaking exactness” (p. 323). 


Foot length (cm.) on a “normal and healthy” male of a “well-to-do” family 





3 MOS. 6 MOs. Q MOS. I2 MOS. 15 MOS. 18 Mos. 





8.1 8.6 9.5 10.4 * 11.7 12.6 





The gain in foot length between the ages of one and eighteen months 
was 4.5 cm., or over 55 per cent. For the semi-annual intervals three to 
nine months and twelve to eighteen months the percentage increments 
were 20.9 (1.8 cm./8.6 cm.) and 12.5 (1.4 cm./II.2 cm.) respectively. 

Meredith (1943) studied pes length during the first postnatal year 
with special reference to individual differences in amount of gain and 
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TABLE 5 
Foot length records (cm.) for sixteen lowa City White infants 





SUBJECT BIRTH I MO. 3 MOS. 6 MOS. Q MOS. I2 MOS. SOCIO-ECONOMIC 
GROUP 





Managerial 
Unskilled 
Unskilled 
Professional 
Professional 
Unskilled 
Unskilled 
Semiskilled 








10.1 Professional 
iin Professional 
10.5 Semiskilled 
10.6 Professional 
10.3 acy Professional 
10.7 aA Professional 
II.I eas Managerial 
10.3 imide Unskilled 





10.5 





in pattern of growth. Seriatim records (See Table 5) covering the 
period from birth to nine months or one year were obtained on 16 
White infants born 1941-42. The subjects were all residents of Iowa 
City, Iowa, and of northwest European (predominantly British and/or 
German) descent. Eight were drawn from the professional and man- 
agerial classes and eight from the unskilled and semiskilled groups. 

Measurements were made on the left pes from pternion to the tip 
of the extended hallux. The instrument, segment orientation, and pro- 
cedures in basing each record on no less than two independent measure- 
ments were the same as described for the study by Goodman. 
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Selected findings from intercomparison of the records in Table 
5 are: 

1. Subjects 5377 and 5329 had identical foot lengths at birth. At 
age one year, the foot length of Subject 5377 exceeded that of Subject 
5329 by 0.7 cm., or 6 per cent. Subject 5377 was (a) artificially fed 
from birth; (b) given orange juice and cod liver oil from the third week, 
egg yolk and cereal from the fifth month, and vegetables beginning at 
six months; and (c) entirely free from illness throughout the year. 
Subject 5329 was (a) breast fed for one month; (b) given orange juice 
and cod liver oil beginning the third week, egg yolk and fruits from 
three months, and vegetables from six months; and (c) ill with colic 
the first month, a severe cold most of the fifth month, a less severe 
but almost continuous cold from six to nine months, and chicken pox 
at ten months. 


Similarly, Subjects 6775 and 9499 gave identical values at birth, 
while at nine months the foot of Subject 9499 was the longer by 1.0 cm., 
or 10 per cent. Subject 9499 was (a) breast fed for three weeks; (b) 
given orange juice and cod liver oil from six weeks, egg yolk and fruits 
from three months, and vegetables from five months; and (c) ill with 
a digestive difficulty the first month and colds in the second, eighth 
and nine months. Subject 6775 was (a) breast fed for six months; 


(b) given orange juice and cod liver oil from six weeks, egg yolk from 
ten weeks, cereal and vegetables from six months, and fruits from eight 
months, and (c) entirely free from illness except for three minor 
head colds between five months and nine months. 

2. Compared with the foot length of Subject 5329, the foot length 
of Subject 4929 was shorter by 0.6 cm. at birth, practically equivalent 
at six months, and longer by 0.8 cm. at one year. The dietary and 
health history of Subject 5329 has been characterized above. Subject 
4929 was (a) breast fed for three months; (b) given orange juice and 
cod liver oil from six weeks, egg yolk from three months, fruits from 
four months, and vegetables from five months; and (c) ill with recurrent 
colic the first third of the year, a severe cold in the eleventh month, and 
“intestinal flu” in the twelfth month. 

The foot lengths of Subjects 76 and 4824 were equal at birth 
and practically coincided at ages three, six and nine months. Subject 
4824 was (a) breast fed for three weeks; (b) given orange juice and 
cod liver oil from two weeks, custard from four months, fruits and 
vegetables from six months; and (c) ill for a few days with a diges- 
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tive upset in the third month and with a mild cold of three weeks dura- 
tion in the sixth month. Subject 76 was (a) breast fed to nine months; 
(b) not given orange juice before three months, cold liver oil (or other 
Vitamin D supplement) before eight months, or egg yolk until after 
nine months; and (c) ill with slight colds in the first and second month, 
mild symptoms of red measles in the third month, and a minor cold in 
the eighth month. 

Using the figures from the foregoing tabulation at birth, six months, 
and one year, individual increment values were derived for the periods 
birth to six months and birth to one year. The results, statistically re- 
duced, are as follows: 


Gain in foot length (cm.) of Iowa City White infants 





BIRTH TO 6 MONTHS BIRTH TO 12 MONTHS 


Mean Range Mean Range 





Males 2.3 1.8 - 2.7 3.6 2.9 - 4.3 
Females 2.1 1.5 -2.6 3-3 2.9 - 3.7 
Both sexes 2.2 1.5-2.7 3.5 2.9 - 4.3 





The differences for males and females are not statistically significant. 
For both sexes together, the mean gain between birth and one year was 
3.5 cm., while two-thirds of the subjects made gains between 3.1 cm. 
and 3.9 cm. 

Included among the subjects measured both at birth and at one year 
were six infants of the professional and managerial classes and four 
of the laboring class. The mean gain was 3.7 cm. for the former and 
3.2 cm. for the latter. The difference is not statistically significant. It 
is mentioned only as a lead for study on considerably larger samples. 


Subject 4929 (see Table 5, row four, for seriatim data between birth 
and one year) was also followed throughout his second postnatal year. 
The measurements obtained were 12.8 cm. at fifteen months, 13.4 cm. at 
eighteen months, 13.9 cm. at twenty-one months and 14.4 cm. at twenty- 
four months. Total gain from birth to age two years was 6.7 cm., or 87 
per cent. 


In introducing this section on “Infancy,” two aims were projected. 
The first has been accomplished. Materials relating to growth in foot 
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length during infancy have been presented from each of twelve investiga- 
tions. It now remains to attempt a synthesis of these materials. 

1. The data for the various investigations were collected over half 
a century and drawn from seven geographic areas. With the exception 
of the series of infants of Japanese ancestry studied by Ito in Los 
Angeles, the geographic areas were all within the boundaries of 40° 
to 45° W. latitude and 70° to 95° W. longitude. The earliest of the 
twelve investigations was that published by Hall in 1896. It is of 
historical interest that this was a longitudinal study made on a normal 
infant. 

2. There is considerable variation among the studies in anthro- 
pometric procedure. The majority of the investigators used the tip 
of the hallux as the anterior landmark; Richdorf and Hall measured 
to the tip of the longest toe. Few investigators designated the foot 
measured ; Goodman and Meredith used the left, Davenport the right. 
Different instruments used were “a steel tape” (Ito), “the type of caliper 
used by the shoemaker” (Richdorf), and especially adapted wooden 
sliding calipers (Goodman and Meredith). Descriptions of technique 
vary from no more than an indefinite reference to the landmarks em- 
ployed (“from the heel to the tip of the toes”) through to the reason- 
ably adequate treatment of all relevant items by Goodman. Quantitative 
materials bearing on reliability are afforded by Cates and Goodwin, 
Davenport, and Goodman. Other investigators giving careful attention 
to rigorousness of anthropometric technique include Bakwin and Bak- 
win, Hall, and Meredith. 

3. Over the period from birth to one year, it was possible to pool 
findings from several studies and thereby derive moderately depend- 
able general means for the foot length of full-term, physically normal, 
White infants. Means for each sex at birth were obtained by combin- 
ing the data of Bakwin and Bakwin, Goodman, Richdorf, and Taylor. 
At successive quarterly ages to one year, the findings of Bakwin and 
Bakwin, Meredith, and Richdorf were merged. On males, mean foot 
length approximates 3.2 inches at birth, 3.6 inches at three months, 
4.0 inches at 6 months, 4.3 inches at nine months, and 4.6 inches at one 
year. The female means are one-tenth of an inch lower throughout. 
While there is a paucity of data for the second postnatal year, mean foot 
length is tentatively estimated as 5.1 inches for males and 5.0 inches for 
females at eighteen months of age, and as 5.5 inches for males and 
5-4 inches for females at two years of age. 
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For each sex, the semiannual gains in central tendency decrease 
from four-fifths of an inch between birth and six months, through 
three-fifths of an inch between six and twelve months, to two-fifths 
of an inch between eighteen and twenty-four months. In percentage 
terms, foot length increases 43 per cent from birth to one year and 
around 21 per cent from one to two years. The continuity of this de- 
creasing trend with age is seen in perspective by mention of the fact 
that the percentage increment from three to six prenatal months is up- 
wards of 200 per cent and that for the successive quarter year (six 
prenatal months to birth) somewhat more than 50 per cent. 

4. Variability in foot length is slightly smaller at birth than be- 
tween six months and one year, and slightly greater for male infants 
than for females. These findings accrue primarily from intercomparison 
of the standard deviations and the coefficients of variation obtained by 
Bakwin and Bakwin, Goodman, and Richdorf. 

Generalizing for any given age during the first postnatal year, and 
for both sexes combined, the foot lengths of full-term, physically nor- 
mal, White infants may be taken as clustering within a range of one 
inch. At birth, the minimum normal value approximates 2.7 inches 
and the maximum value 3.6 inches. At age one year, the normal 
scatter is estimated to lie within the limits of 4.0 inches and 5.0 
inches. 

5. Measurements of foot length are available on one individual 
at successive ages from birth to the close of the second postnatal year. 
This individual (Subject 4929 from Meredith) fell at approximately 
the 25th percentile in pes length at birth, the soth percentile at three 
months, and the 75th percentile after six months. The individual studied 
from one to eighteen months by Hall placed consistently between the 
20th and 30th percentiles of the foot length distributions for different 
ages. The premature infant followed by Talbot from two weeks to 
seventeen months gave foot length records markedly below the zone 
of normal dispersion at birth, and near the lower limit of the zone at 
three months and at later ages. For the nine infants (excluding Subject 
4929) followed by Meredith from birth to one year, four underwent 
shifts in percentile rank of more than 20 points. Including Subject 
4929, the proportion of infants showing changes of 20 to 50 percentile 
points was one-half. 


CHILDHOOD AND ADOLESCENCE 
The earliest measurements of foot length on record for inhabitants 
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of North or Central America appear to be those obtained by Owen 
(1856) on two “so-called Aztec children” (p. 128). The measurements 
were made in 1853. They are mainly of historical interest. 

The ages of the children were not definitely known, and there 
was “conflicting evidence” regarding their “birthplace and parentage” 
(p. 136). Pedro Velasquex, of San Salvador, Mexico, claimed “that 
he brought them from the Kaanat of Iximaya, an ancient city in Cen- 
tral America, inhabited by a remnant of the aboriginal Aztec population, 
and that they were the children of the Kaana priesthood” (p. 136). On 
the other hand, Innocente Burgos, a Mexican of Spanish origin resid- 
ing in San Salvador, entered the counter claim that he was the father 
of the two children. Burgos gave their ages as 9 years (the male) and 
7 years (the female). 

The male subject had twelve permanent teeth, a stature of 87.6 cm. 
and a foot length of 12.7 cm. The female had seven permanent teeth, 
a stature of 78.1 cm. and a foot length of 11.7 cm. Both children were 
apparently abnormally small (e. g. they were smaller in foot length thaa 
typical White children at the age of two years). 

Talbot (19242) measured the foot lengths of approximately 120 
“clinically normal American children” varying in age from the beginning 
of the third year through the tenth year. His sample was considered 
“not to represent exceptionally well nourished or poorly nourished 
children,” but to typify “average children within the accepted normal 
limits of height and weight for age” (p. 541). It was composed of about 
equal numbers of males and females. 

Foot length was measured on the nude foot “from the heel to the 
tip of the great toe” (p. 546). The measurements were “plotted on 
charts, and smoothed curves drawn to indicate the trend of growth” 
for each sex with age (p. 541). As reproduced, the trend drawn on the 
chart for males is estimated to pass through 15.2 cm. at three years, 
17.3 cm. at five years, 19.3 cm. at seven years, and 20.6 cm. at nine years. 
The corresponding freehand graduation of the female data is estimated 
to pass through 15.8 cm. at three years, 17.4 cm. at five years, 18.8 cm. 
at seven years, and 20.4 cm. at nine years. 

Meredith (1944) accumulated foot length data on 450 children 
in attendance at the University of Iowa Preschool Laboratories and 
Elementary School during the years 1939-44. The sample was formed 
by measuring all children enrolled in the Preschool Laboratories over 
these years, and continuing to measure those of this group who later 
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attended the Elementary School. With few exceptions, each child’s 
foot length was determined within three days of his birthday. Those 
children available for seriatim study were remeasured at annual inter- 
vals. 

The subjects (230 males and 220 females) were all residents of 
Iowa City and all of the White race. They were predominantly from 
the professional and managerial socio-economic groups, with a scatter- 
ing of the commercial and skilled-trades groups. Over 90 per cent were 
of northwest European ancestry. 


Precise measurements were obtained on the left pes, using 
broad-branched, sliding, aluminum calipers. The straight line distance 
was determined from acropodion (the most anterior tip of the hallux 
or second toe, whichever projects farther forward) to pternoin (the 
most posterior point on the heel surface). Specifically, the technique 
was as follows: “The subject removed shoes and stockings and as- 
sumed the erect position. The anthropometrist placed the subject’s left 
foot on a sheet of ruled paper in such a manner that one of the ruled 
lines passed beneath the median plane of the second toe, anteriorly, 
and beneath the center of the arc of the heel, posteriorly. The subject 
was then directed to place his right foot alongside his left and to dis- 
tribute his weight evenly through both lower limbs. A distance of 
about six inches was maintained between the inner aspects of the two 
feet. In applying the instrument, the shaft paralleled the ruled line 
passing beneath the second toe and pternion, the fixed branch was 
placed in light contact with pternion, and the movable branch was 
brought in light contact with acropodion.” At every examination, in- 
dependent measurements were made by two anthropometrists. In the 
event the difference between the two readings did not exceed 0.2 cm., 
their mean was taken. When larger differences resulted, each anthropo- 
metrist made an additional measurement and the mean of the four 
readings constituted the value recorded.” 

The results from statistical analysis of the total data are given in 
Table 6. Selected findings from this table are: 


* On a series of 60 children between the ages of seven and ten years, study was 
made of the difference between foot length with body weight distributed “evenly 
through both lower limbs” and body weight sustained primarily on the right foot. 
For the latter condition, the subject’s left foot was placed on a stool and his left leg 
oriented approximately at right angles to both the foot and the thigh. On the aver- 
age, in this “less weighted” condition the foot was found to be shorter by 0.2 cm. 
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TABLE 6 
Foot length (cm.) of lowa City White children of middle and upper classes 








EXACT AGE N MEAN S. D. Vv PERCENTILES RANGE 
(yrs.) 2sth 75th 
Males 
3 47 15.6 68 44 15.2 16.1 14.1 - 16.8 
4 63 16.7 74 4.5 16.2 17.2 15.0 - 18.5 
5 86 178 81 4-5 17.3 18.4 15.9 - 19.7 
6 79 188 .90 48 18.2 19.4 16.7 - 20.9 
7 68 19.7 .99 5.0 19.0 20.4 17.3 - 22.0 
8 57 20.5 1.04 5.1 19.7 21.2 18.3 - 23.3 
9 38 21.3 1.17 5.5 20.4 22.1 19.1 - 24.2 
10 28 22.1 1.38 6.2 21.2 23.0 19.5 - 24.8 
Females 
3 43 15.4 61 4.0 15.0 158 14.1 - 16.8 
4 69 16.4 69 4.2 16.0 16.9 14.6 - 18.0 
5 86 17.3 83 48 16.7 178 15.3 - 19.3 
6 65 18.3 .70 3.8 17.9 18.7 16.5 - 20.3 
7 48 19.4 77 4.0 19.0 19.8 17.3-213 
8 44 20.3 85 4.2 19.8 20.8 18.3 - 22.2 
9 25 ai. .97 4.6 20.3 21.8 19.5 - 23.1 
10 20 218 86 39 21.2 22.4 20.1 - 23.6 





1. Males exceed females in mean foot length at all ages from three 
to ten years. Although consistent in direction, the difference is small 
in magnitude. In general, the means for females are lower than those 
for males by 0.3 cm. 

For both sexes combined, mean foot length increases from 15.5 cm. 
at three years to 22.0 cm. at ten years. The gain between three and 
seven years approximates 1.0 cm. per year, that between seven and 
ten years 0.8 cm. per year. 

2. Variability in foot length is greater for males than for females. 
At every age except five years, the standard deviation of the male 
distribution is larger than that of the female distribution. Similarly, 
the coefficient of variation is higher for males than for females at 
all ages with the exception of five years. 
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Males show a fairly continuous increase in absolute and relative 
variability from age to age. The standard deviations rise from around 
0.7 cm. at three years, through 1.0 cm. at seven years, to 1.4 cm. at 
ten years; the coefficients of variation from 4.4 per cent at three years, 
through 5.0 per cent at seven years, to 6.2 per cent at ten years. For 
females, there is a less marked and more irregular increase in absolute 
variability, with no clear increase in relative variability. The standard 
deviations approximate 0.6 cm. at three years, 0.8 cm. at seven years, 
and 0.9 cm. at ten years. The coefficients of variation fluctuate between 
3.8 per cent and 4.8 per cent, their average value being 4.2 per cent. 

3. The interquartile distance tends to become greater with age. 
For males, the increase is continuous and of appreciable magnitude. On 
the male distribution for foot length at age three years, the difference 
between the 25th and 75th percentiles is 0.9 cm., on the male distribu- 
tion at age ten years it is twice this amount. For females, the inter- 
quartile distance fluctuates in size from age to age, with only a slight 
tendency to increase. Over the age period from three to seven years, 
the central one-half of the female measurements lie within an average 
zone of 0.9 cm.; for the years seven to ten, the average zone is about 
1.2 em. 

4. The distance between the minimum and maximum values of 
the male distributions becomes wider with age. At three years the dif- 
ference is 2.7 cm., at five years 3.8 cm., at seven years 4.7 cm., and at 
ten years 5.3 cm. The distance between the minimum and maximum 
values of the female distribution is identical with that for males at 
three years, and hovers near 3.7 cm. at all ages from four to ten years. 

5. There is considerable overlapping of the distributions for suc- 
cessive ages. The upper one-fourth of the male distribution at age 
five years has the same limits as the lower one-fourth of the male dis- 
tribution at age eight years. Turning to the female distributions, the 
highest value at age three years is similar to the lowest value at age six 
years, likewise the highest value at 2ge six years approximates the low- 
est value at age ten years. 

As already indicated, some of the 450 subjects were examined once 
only, others twice, and still others several times. Protocols covering 
four to five consecutive years were obtained on 53 of the subjects. This 
series—consisting of 30 males and 23 females—represents individuals 
enrolled in the study during 1939 or 1940, and examined annually with- 
out interruption to 1944 (see Table 7). 
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TABLE 7 


Longitudinal data for foot length (cm.) on 53 White, private school children 
residing in lowa City, lowa 





AGE IN YEARS 


SUBJECT 6 7 





Males 


18.8 
19.7 
19.3 
18.9 
17.4 
19.0 
18.4 
19.0 
20.6 
18.8 
19.6 
18.2 
17.9 
21.0 
19.2 
19.1 
19.3 
19.1 
19.7 
18.6 
18.0 
18.0 
17.2 
18.8 
16.5 
18.6 
19.6 
19.6 
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16.1 18.3 20.1 
16.3 18.3 . 20.3 
17.5 19.4 . 21.5 
ist oe 17.6 19.3 
18.6 : 20.6 
20.3 : 22.2 
19.2 ¥ 21.2 
18.5 20.2 
19.2 21.2 
18.3 ; 20.3 
18.6 . 20.8 
18.9 . 20.8 
18.1 t 19.4 
20.7 
20.6 
18.8 
20.1 20.9 
20.4 21.1 
19.8 20.6 





Intercomparison among the 30 males in Table 7 shows: 

1. The foot lengths of Subjects 1908 and 8071 were practically 
identical at all ages between three years and seven years. A like finding 
holds for Subjects 7056 and 1149 over the age interval from five to nine 
years, and for Subjects 130 and 6003 over the same age period. 


2. Compared with Subject 6134, Subject 7291 had a foot 0.5 cm. 
longer at three years of age, 0.2 cm. shorter at five years, and 0.6 cm. 
shorter at seven years. It follows that the gain in foot length between 
three and seven years was I.I cm. greater for Subject 6134 than for 
Subject 7291. In a parallel manner, between ages six and ten years 
Subject 4397 gained 1.0 cm. more in foot length than Subject 1124, 
the former having the shorter foot by 0.7 cm. at six years and the longer 
foot by 0.3 cm. at ten years. 

3. The foot length trends for Subjects 216 and 2187 converge 
from a difference of 1.2 cm. at five years to a difference of 0.2 cm. 
at nine years. The same relationship obtains for the records on Sub- 
jects 3572 and 7095, the convergence being from a difference of 0.8 
cm. at six years to no appreciable difference at ten years. 

4. On Subjects 4716 and 6799 the growth curves for foot length 
lie within 0.2 cm. of coinciding at four years and are 1.1 cm. apart at 
eight years. The curves on Subjects 216 and 4619 show similar 
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divergence. These are practically superimposed at five years, while at 
nine years the former lies 1.5 cm. below the latter. 

Similarly, for the females in Table 7, intercomparison shows: 

1. The foot lengths of Subjects 2049 and 2333 were practically 
identical at each successive age from four years to eight years. The same 
finding accrues for Subjects 753 and 2678 between ages seven and eleven 
years. 

2. Subject 4746 had a shorter foot than Subject 1157 by 0.3 cm. 
at three years and by 1.0 cm. at seven years. More marked divergence 
in foot length with age occurred for Subjects 393 and 7732. The latter 
exceeded the former by 0.2 cm. at six years, by 0.9 cm. at eight years, 
and by 1.4 cm. at ten years. 

3. Over comparable four-year periods, individual differences in 
amount of growth in foot length tend to be less marked for females 
than for males. On the four females studied from five to nine years, 
the gains fall between 3.3 cm. (Subject 383) and 4.0 cm. (Subject 
5413). On the ten females with measurements at seven and eleven 
years, the variation in gain is from 2.6 cm. (Subject 7732) to 3.6 cm. 
(Subject 2147). 

Davenport (1932) analyzed data for foot length representing con- 
secutive annual ages from five to sixteen years. Separate analyses 
were made covering a series of male records accumulated at Letch- 
worth Village, Thiells, New York, and series of measurements on 
males and females amassed at the Orphan Asylum of Brooklyn, New 
York. Description of the subjects was limited to the following: “some- 
thing over 100 boys and 50 girls in the Orphan Asylum of Brooklyn 
. .. mostly of North European origin” ; “about 100 idiot boys and 120 
high-grade boys at Letchworth Village . . . including various European 
stocks and a few ‘American Negroes,’ mostly rather dark in complex- 
ion” (p. 174). Many of the subjects were “measured repeatedly.” 

The measurements were obtained by four similarly trained 
anthropometrists. “The subject was always standing on both feet. and 
the right foot was usually measured. In most of the work an outline 
of the foot was traced on paper with a split pencil held strictly vertical 
. . » In other cases the foot was measured directly” (p. 174). Foot 
length was taken as “the greatest distance from the back of the heel 
outline to the tip of the second toe” (p. 175).* 


* On a sample of 75 tracings Davenport found the most forward projection of the 
second toe to be exceeded by that of the hallux in 70 instances (93.3 per cent). 
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TABLE 8 
Mean foot length (cm.) of children at two New York institutions 











AGE ORPHAN ASYLUM OF BROOKLYN “LETCHWORTH VILLAGE” 
(yrs.) Males Females Males 
5 16.5 16.1 
6 17.1 17.1 17.5 
7 178 18.1 18.5 
8 18.7 18.7 19.3 
9 19.6 19:5 19.6 
10 20.7 20.5 20.2 
II 21.7 21.3 21.1 
12 22.3 21.6 21.2 
13 23.3 22.5 22.1 
14 23.9 23.2 22.5 
15 25.0 22.9 23.4 
16 25.7 23.0 23.9 





Mean values obtained from statistical reduction are reproduced in 
Table 8. The means on children of the Brooklyn Orphan Asylum regis- 
ter no consistent sex difference over the age interval from five to ten 
years. From the twelfth year on, the male values clearly exceed the 
female values, their differences widening from 0.7 cm. at twelve years 
to 2.7 cm. at sixteen years. Compared with the means on “Letchworth 
Village” males, the means on the orphanage males are somewhat smaller 
at ages below nine years, and become increasingly larger between ten 
and sixteen years. 

Individual growth curves were included for three of the “Letch- 
worth Village” subjects. 


Seriatim records for foot length (cm.) on three “Letchworth Village” males 





AGE IN YEARS 


SUBJECT 8 9 10 II 12 13 14 14.7 14.8 15.0 
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Subject 28 had a shorter foot than Subject 8 at all ages from eight to 
fifteen years. Compared with Subject 66, the foot length of Subject 8 
was appreciably shorter between eight and ten years and slightly longer 
at fourteen and fifteen years. Subject 66 gained only 1.0 cm. between 
eight and eleven years, and three times this amount between twelve 
and fifteen years. The gains for Subjects 8 and 28 were not appreciably 
different over these two age intervals. The former, however, made 
larger gains than the latter in both periods. 

Central tendency values for pes length were reported by Hall 
(1896) on upwards of a thousand “school boys” considered “homo- 
geneous as to race, nationality, sex, social condition and physical de- 
velopment” (p. 27). The subjects ranged in age from nine to seven- 
teen and were in attendance around 1890 at three private schools in or 
near Philadelphia —‘“the William Penn Charter School, the Haver- 
ford Grammar School, and the Wilmington Friends’ School” (p. 21). 
“Their parents were almost without exception born in America, and 
the families came originally from England. The families were with 
very few exceptions well-to-do” (p. 21). The “exceptional opportuni- 
ties” which all three institutions offered for physical development 
“induced a great majority of the students and pupils to enter actively 
into athletics” (p. 21). 

Length of the nude pes was measured with wooden calipers “from 
the posterior surface of the calcaneum to the tip of the first or second 
digit” (p. 25). The measurements were made “under the most favorable 
circumstances” and taken with great care. 


Foot length medians (cm.) on private school boys measured about 1890 





MIDPOINT OF AGE GROUP (yrs.) 


9.5 10.5 11.5 12.5 13.5 14.5 15.5 16.5 





Number 93 122 132 143 203 209 233 284 
Median 19.7 21.0 21.7 22.5 23.9 24.5 25-5 25.9 





Interpolated values at consecutive yearly intervals from ten to sixteen 
are: 20.3 cm., 21.3 cm., 22.1 cm., 23.2 cm., 24.2 cm., 25.0 cm., and 25.7 
cm. The value at ten years is 1.8 cm. below the mean obtained by 
Meredith on boys of like age and socio-economic level examined 1943- 
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44. This difference is of sufficient magnitude to suggest there may 
have been a secular trend in the direction of increased foot length over 
the last half century.* 

Compared with the means from Davenport on males of the Orphan 
Asylum of Brooklyn, Hall’s values are slightly lower at ten and eleven 
years, similar between twelve and fourteen years, and identical at fifteen 
and sixteen years. Davenport’s means would probably have been higher 
than Hall’s at all ages had both investigators used the same anthropo- 
metric landmarks. Secularly, Davenport’s data were collected thirty 
to forty years after Hall’s and ten to twenty years before Meredith’s ; 
socio-economically, the studies of Hall and Meredith were on private 
school children and that of Davenport on children in an orphanage. 

Moon (1896) described distributions of male foot length for each 
year of age from the twelfth to the seventeenth. The data used in 
compiling the distributions were accumulated over an eight-year per- 
iod from annual measurement of “each boy of the McDonogh School, 
situated near Baltimore, Md.” (p. 3). 


TABLE 9 
Foot length (cm.) of boys attending the McDonogh School, Maryland, around 1890 





AGE GROUP 
Midpoint Range PERCENTILES 
(yrs.) 10 25 50 75 95 





Right 20.3 20.6 21.8 22.7 -3 23.6 
Left 20.2 20.5 21.9 228 5 23.6 
Right 21.0 21.3 22.8 23.5 3 24.5 
Left 20.9 21.3 22.8 23.6 24.4 
Right 21.5 22.0 .5 23.0 24.0 Q 25.2 
Left 21.4 21.9 23.2 24.1 0 25.2 
Right 22.0 22.4 23.8 24.9 0 26.5 
Left 22.1 22.5 23.9 25.0 .2 26.6 
Right 22.4 23.1 8 248 25.8 7 27.3 
Left 22.5 23.3 25.0 25.7 .Q 27.4 
Right 23.4 238 25.3 26.0 0 27.2 
Left 23.5 23.8 25.3 26.1 .Q 27.3 





* In this connection, it is pertinent to mention that at all elementary school ages 
a marked increase in stature over the past half century has been unequivocally 
demonstrated. See, for instance, HuMAN Brox., 1944, 16, 126-131. 
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There was no discussion of the anthropometric technique em- 
ployed. For the right and left feet separately, percentiles were report- 
ed at five-unit intervals from the 5th to the 95th. Of these nineteen 
columns of percentiles, it will suffice to reproduce seven (see Table 
9g). Table g yields: 

1. No consistent, systematic difference between the distributions 
for length of the right foot and those for length of the left. Over the 
age period from eleven to fourteen years, six of the percentile values 
on each foot are equal, seven are slightly greater on the right, and 
eight slightly greater on the left. For the other half of the age span 
studied, there are three pairs of equivalent values, two instances in 
which the figures on the right pes are the higher, and sixteen instances 
in which the left pes exceeds the right. 

2. An average increase in median foot length during the five-year 
period covered of approximately 0.7 cm. per year. At the lower end of 
the distributions (5th and 1oth percentiles) the increase averages slightly 
less than 0.7 cm. per year, and at the upper end of the distributions 
(goth and gsth percentiles) slightly more than this amount. 

3. Am average interquartile distance (75th percentile minus 25th 
percentile) of 1.7 cm., and an average zone encompassing the central 
eighty per cent of the measures in each distribution (goth percentile 
minus 10th percentile) of 3.2 cm. In both cases, the limits of disper- 
sion are slightly wider for the fifteenth and sixteenth years than at 
other ages. 

Records for foot length on “twelve hundred girls and boys from 
the student class” were accumulated by Sargent (1889). The subjects 
ranged in age from thirteen to seventeen years, and gave a mean age 
of fifteen years. They were probably drawn from schools in the vicin- 
ity of Cambridge, Massachusetts. The female subjects were reported 
to have yielded an average foot length lower than that from the male 
subjects “by over half an inch” (p. 176). 

Data were reported by Hrdlicka (1926) on three albino Indians 
“from the San Blas Territory, Panama” (p. 8). The approximate ages 
of these subjects were ten (male), fifteen (female), and seventeen 
years (male). They were brought to Washington, D. C., by Mr. R. 
O. Marsh and measured by Hrdlictka in 1924. Their records for length 
of the left foot were 21.8 cm., 23.5 cm. and 23.2 cm. respectively. 

Williams (1939) obtained measurements of foot length on 192 
Negro boys between the ages of fourteen years six months and nine- 
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teen years six months (Table 10). The boys were in attendance dur- 
ing 1938-39 at the Booker T. Washington High School, Tulsa, 
Oklahoma. Anthropometric procedure: After removal of his shoes 


TABLE 10 
Foot length (cm.) of Negro males measured at Tulsa 1938-39 





AGE GROUP 
Midpoint Range N 
(yrs.) 





15 145-155 25 
16.5 15.5-17.5 100 
18.5 17.5-19.5 67 





Total sample 192 . 1.35 5.0 25.6 28.9  24.0-31.5 





and socks, each subject was requested to stand upon a table. “The 
right foot was then placed upon a sheet of paper and the left foot 
placed about three inches behind the right and four inches to the 
left. The weight of the body was distributed mainly through the 
left leg, and the right knee was slightly flexed so that the right leg was 
perpendicular to the top of the table” (p 3). A tracing was made in- 
dicating the most posterior protrusion of the subject’s heel and the tip 
of “the toe projecting the farthest forward (with but two exceptions, 
this was the great toe)” (p. 3). Foot length was measured on the trac- 
ings. The mean at 16.5 years is higher than the corresponding central 
tendency values for White males from Hall and Moon by 1.2 cm. and 
1.8 cm., respectively. Williams’ smallest Negro record of 24.0 cm. ex- 
ceeds the 10th percentile of the Moon distribution for the seventeenth 
year. 

In presenting a synthesis of the nine foregoing studies on growth 
in foot length during childhood and adolescence, the procedure will be 
that of asking leading questions and indicating the extent to which the 
accessible materials serve to answer them. It will be advantageous to 
treat the age periods three to ten years and ten to sixteen years separate- 
ly. Consideration will be given first to the earlier period. 

1. What is the typical foot length (distance from pternion to 
acropodion ) of three-year-old White residents of North America? How 
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long is the typical human foot at ages six and nine years? A pooling of 
the data on both sexes from the studies of Davenport (New York)5, 
Meredith (Iowa) and Talbot (Massachusetts) affords composite aver- 
ages of 6.0 inches at three years, 7.1 inches at six years, and 8.1 inches 
at nine years. The composite averages at four, seven, and ten years are 
6.5 inches, 7.5 inches and 8.5 inches, respectively. It follows that over 
the seven-year period from three to ten years foot length increases 2.5 
inches or slightly more than 40 per cent. 

2. How does average foot length at specified childhood ages com- 
pare with average foot length at selected fetal and infancy ages? Is 
the rate of increase in central tendency higher in early childhood than 
in later childhood? Average foot: length at three postnatal years is 
three times that at six prenatal months; average foot length at four 
years, twice that at birth; and average foot length at five years. one 
and one-half times that at one year. In the typical White child foot 
length apparently increases over 18 per cent between three and six 
years, and less than 13 per cent between seven and ten years. 

3. Are there racial, socio-economic, secular, or sex differences in 
foot length during childhood? Throughout the age period from three 
to ten years, Meredith found males to exceed females in mean foot 
length by approximately one-tenth of an inch. Davenport, on the other 
hand, found both sexes to have “feet of about the same length . . . 
between the ages of six and nine years” (p. 177). For ages five to 
ten years, the means reported by Meredith on private school children 
are higher by about 1.5 cm. than those reported by Davenport on 
orphanage children studied more than a decade earlier. After allow- 
ance is made for the lack of comparability of these studies in anthro- 
pometric technique, there remains a reduced difference in central tend- 
ency which may be due to the differences in socio-economic and/or 
secular sampling. The extent to which there are differences in foot 
length during childhood between North American inhabitants of 
Negroid or Indian ancestry and those of White ancestry is not sub- 
stantially known. Without supplying quantitative evidence, Daven- 
port has stated that the typical Negro child of nine and ten years 
“has a longer foot than the child of North European stock” (p. 179). 


* These data were adjusted to approximate the distance from pternion to acropo- 
dion. 
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The need for further investigation of the problems encompassed in 
this paragraph is obvious. 

4. How wide are individual differences in foot length at various 
childhood ages? Is one sex more variable than the other? What is 
the range of normal dispersion at three years? Does this range change 
appreciably between three and ten years? Answers to these questions are 
available only in terms of a single study utilizing private school chil- 
dren principally of northwest European ancestry. Males were found to 
be slightly more variable than females. For both sexes combined, one- 
half of the children aged three years had foot lengths falling within 
a zone one-quarter inch above and below the mean. The full range 
of the distribution was slightly over one inch. Between three and ten 
years, the interquartile distance widened from half an inch to three- 
fourths of an inch, and the range from slightly more than one inch 
to slightly more than two inches. 

5. Do some individuals have long feet in early childhood and short 
feet in later childhood, or vice versa? More generally, to what extent 
do children change their positions in the distribution of foot length 
from age to age? Meredith has followed 47 children over four or five con- 
secutive years between the ages of three and ten. For the 14 children 
studied from ages three or four years to seven or eight years, six (43 
per cent) underwent changes in percentile rank of twenty to fifty points. 
Of the remaining 33 children studied between ages five or six years 
and nine or ten years only three (9 per cent) varied in percentile rank 
as much as twenty points. While no children have yet been followed 
for the whole seven-year period from three to ten, it appears reasonable 
to infer that rarely, if at all, will a child’s foot length be found to fall 
in the upper one-fourth of the distribution at three years and in the 
lower one-fourth of the distribution at ten years, or vice versa. 

The accessible research materials for the period ten to sixteen years 
are those of Hall, Moon and Williams on males and of Davenport and 
Sargent on both sexes. 

1. Is the average foot length of males greater than that of fe- 
males during the years from ten to sixteen? If so, what is the magi- 
tude of the difference at various ages? Davenport found that between 
ten and sixteen years “the feet grow in length, on the average, slower 
in girls than in boys” (p. 178). His foot length means on children of 
the Orphan Asylum of Brooklyn show males to exceed females by one- 
tenth of an inch at ten years, three-tenths of an inch at thirteen years, 
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and one inch at sixteen years. Sargent, writing four decades earlier, 
claimed to have studied a large series of individuals around fifteen 
years of age drawn from a higher socio-economic level, and to have 
obtained a mean foot length on the males greater than that on the 
females “by over half an inch”. 

2. Does the foot length of the typical White adolescent differ 
from that of the typical Negro adolescent? Information on this 
question is available for males only. Combining the findings on 
White males from Davenport, Hall, and Moon, mean foot length 
(from pternion to acropodion) approximates 8.9 inches at twelve 
years, 9.5 inches at fourteen years, and 10 inches at sixteen years. 
Williams’ study on Negro males yields a mean foot length at six- 
teen years of 10.7 inches. In evaluating this difference, it must not be 
overlooked that the mean at sixteen for White males represents a some- 
what earlier secular period than that for Negro males. (Parenthetically, 
a fruitful study of secular change in foot length during the adolescent 
years could be made by utilizing the substantial findings of Hali and 
Moon representing 1890 and obtaining comparable samples represent- 
ing the present decade). 

3. Is there any change in variability of foot length over the adoles- 
cent years? Davenport has reported that for males variability in foot 
length is “highest from twelve to fifteen years” (p. 176). Unfortun- 
ately, he omitted presentation of his variability values. Moon found 
male dispersion to be slightly greater at 14.5 and 15.5 years than at 
earlier and later ages. In general, at each age from twelve to sixteen 
years, the middle one-half of Moon’s measurements fell within a zone 
approximating three-fourths of an inch. The zones delimiting eighty 
per cent of each distribution (goth percentile minus 1oth percentile) 
were around 1.3 inches at thirtecn and sixteen years and 1.5 inches 
at fifteen years. 


EARLY ADULTHOOD: FEMALES 


Hitchcock (1891) reported the average length of each foot for 
young women attending two New England colleges between 1884 
and 1889. The subjects numbered “about five hundred individuals 
each at . . . Mt. Holyoke and Wellesley Colleges” (p. 38). They 
represented five successive freshmen classes. 

The method of measuring foot length was not discussed. Seemingly, 
the data were supplied by “Dr. Cotton” of Mt. Holyoke and “Misses 
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Hill and Wood” of Wellesley. “Mr. Frank A. Delabarre” made the 
statistical analysis. 


Average foot length (cm.) of women attending two New England colleges 1884-89 





N RIGHT FOOT LEFT FOOT 





¢.1000 22.9 22.9 





It will be seen that identical averages were obtained on the right and 
left feet. 

Shortly after the appearance of Hitchcock’s paper, a more ex- 
tensive study of foot length on women attending Wellesley College 
was published by Wood (1893). The subjects totaled 1,500 students. 
Attention was given to both central tendency and variability. 


Foot length (cm.) of women attending Wellesley College prior to 1893 








MINIMUM PERCENTILES : MAXIMUM 
FOOT VALUE 5 10 25 50 75 90 95 VALUE 
Right 21.2 22.1 22.4 23.1 238 24.6 25.1 25.7 26.5 
Left 21.1 22.1 22.3 23.0 23.7 24.5 25.0 25.6 26.4 





For each foot, the interquartile distance is 1.5 cm. and the range 5.3 cm. 

Hanna (1894) collected data for right and left pes length on 1,600 
female students attending Oberlin College, Ohio. Statistical reduction 
of the data gave the following tabulation. 


Foot length (cm.) of women attending Oberlin College prior to 1894 








MINIMUM PERCENTILES : MAXIMUM 
FOOT VALUE 5 10 25 50 75 go 95 VALUE 
Right 20.7 21.5 21.9 225 23.2 23.9 246 249 «2258 
Left 20.7 21.5 21.8 22.5 23.2 239 244 24.9 25.8 





Corresponding percentiles are largely identical on each pes. The aver- 
age lies between those obtained by Hitchcock and by Wood. The inter- 
percentile distances are practically the same as from Wood. 











244 HUMAN BIOLOGY 


Clapp (1899) compiled an anthropometric table based on data ac- 
cumulated at the University of Nebraska. Her subjects were 1,500 
women students. The table afforded foot length means for each centi- 
meter of stature “from 149 cm. to 173 cm.”. Mean foot length with- 
out regard to stature is estimated to have approximated 23.5 cm. 

Analyses of foot length were made by Bowles (1932) on 364 
selected subjects attending two eastern women’s colleges in the period 
from around 1880 to 1910. The subjects were predominantly from 
New England families of northwest European descent. When measur- 
ed, they were students either at Vassar or Wellesley. Every subject 
included later had a daughter who attended the same college as her 
mother. 


Foot length (cm.) on selected samples of college women 








SOURCE MEAN AGE N MEAN S. D. V RANGE 
(yrs.) 

Wellesley 19.5 165 23.4 1.12 48 19.5 - 26.0 

Vassar 18.0 199 23.3 1.05 4.5 20.5 - 26.5 

Both colleges 18.7 364 23.3 1.08 4.6 19.5 - 26.5 





Compared with the central tendency values from the studies of 
Hitchcock and Wood, Bowles’ means are intermediate. The range ob- 
tained by Bowles on his total sample (7.0 cm.) is appreciably wider 
than the ranges from Wood (5.3 cm.) and Hanna (5.1 cm.). 

Measurements of pes length taken on 100 Smith College students 
were analyzed by Wilder and Pfeiffer (1924). The subjects were “main- 
ly British in origin” and “in every case their ancestry was derived 
from the nations of western Europe” (pp. 444, 453). 

For a description of the anthropometric technique employed, the 
reader was referred to an earlier publication by Wilder. Here, it was 
stated that length of the left pes was taken “burdened by weight of 
body”. The subject stood upon an “osteometric board” (p. 162). 
Acropodion was placed in contact with the fixed upright of the instru- 
ment, and the moveable upright was brought into contact with pternion. 
The measurements were made around 1920 by Pfeiffer. 
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Foot length (cm.) on women attending Smith College about 1920 





AGE GROUP PERCENTILES 
Mean Range N MEAN S.D. V — 25th 75th RANGE 
(yrs.) 





20.4 17-27 100 241 13 47 233 24.9 20.7-27.3 





These figures for the 25th percentile, the mean, and the 75th percentile, 
representing the termination of the second decade of postnatal life, are 
higher than the corresponding statistics from Meredith for the end 
of the first decade by 2.1 cm., 2.3 cm. and 2.5 cm., respectively. 

Patek (1926) made measurements of foot length on “150 women, 
chosen at random, from the Stanford University gymnasium classes” 
(p. 277). Her subjects “belonged mainly in the freshman and sophomore 
years” (p. 277). They ranged in age from sixteen to twenty-seven years, 
two being younger than seventeen and seven older than twenty-one. 
Their mean age was 18.9 years. 

Foot length was determined, by means of a specially constructed 
pedometer, “while the person was seated and also while standing on 
one foot” (p. 277). Both feet were measured in each position (Table 
11). In the sitting position, the feet rested on the base of the pedo- 


TABLE 11 


Foot length (cm.) on 150 undergraduate women of Stanford University 





FOOT MEAN S. D. V PERCENTILES RANGE 
toth 25th 75th goth 





Subject seated 


Left 23.6 1.10 4.7 22.3 22.9 24.3 25.1 19.9 - 26.5 
Right 23.7 1.09 4.6 22.3 22.9 24.3 25.1 20.0 - 26.3 


Subject standing on one foot 


Left 24.0 1.09 4.5 22.7 23.3 24.8 25.5 20.3 - 26.6 
Right 24.0 1.12 4.7 22.6 23.2 24.7 25.5 20.2 - 26.6 





meter. In the position “standing on one foot”, the subjects were “per- 
mitted to balance themselves slightly by means of the back of a chair 
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if necessary” (p. 277). Apparently, foot length was taken from acro- 
podion to pternion. The magnitude of the difference in mean foot 
length for these two positions is in harmony with the smaller differ- 
ence for two other positions (0.2 cm.) obtained by Meredith on chil- 
dren seven to ten years of age. Patek’s sitting position appears rough- 
ly comparable with Meredith’s orientation of the subject’s foot on 
a stool, while Patek’s orientation with the subject standing solely 
on the foot being measured represents a more extreme “weighting” 
than Meredith’s position with the body weight distributed evenly 
through both lower limbs. 

Carter (1932) reported an analysis of foot length data taken 
on 108 “Old American” women students attending Pembroke College, 
Rhode Island, in 1927. Besides being “individuals whose parents and 
four grandparents were born in the United States” (p. 497), the sub- 
jects were “mainly from New England” and predominantly of Eng- 
lish ancestry. It follows that the sample was highly homogeneous 
ethnically, geographically, secularly, and culturally. 

The data were collected by “Miss Alice M. Tousley . . . who re- 
ceived her training under Dr. AleS Hrdlicka” (p. 497). Consequent- 
ly, they may be assumed to represent measurements of the left foot, 
from acropodion to pternion, with the foot resting on a stool. 


Foot length (cm.) on ‘Old American’ women at Pembroke College 1927 





AGE GROUP PERCENTILES APPROX. 
Mean Range N MEAN S. D. V 25th 75th RANGE 
(yrs.) 





19.3 16 - 25 108 24.0 1.14 48 23.3 24.8 21.2 - 27.6 





The entire findings practically coincide with those of Wilder and 
Pfeiffer on young women enrolled at Smith College around 1920. 
Steggerda, Crane and Steele (1929) reported a study of foot length 
records amassed from measurement of 100 women attending Smith 
College during the academic year 1928-29. The subjects were “volun- 
teers” recruited through announcement of the project in classes of the 
Department of Zoology. All were born in the United States; 74 per 
cent were residents of New England and Middle Atlantic States, 14 
per cent of Middle Western States, and the remaining 12 per cent of 
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Southern and Far Western States. “The racial stock of the subjects were 
predominantly British, those of German stock ranked second, and 
nearly all claimed Western Europe as the home of their ancestors” 
(p. 190). 

For each subject, a “drawing of the right foot” was made with “the 
shoes alone being removed” (p. 191). The measurement of foot length 
was taken on this “outline of the stockinged foot” as “the maximum dist- 
ance from the great toe to the heel” (pp. 200, 236). 


Foot length (cm.) of women attending Smith College 1928-29 





AGE GROUP PERCENTILES 
Mean Range N MEAN S. D. Vv 2sth 75th 
(yrs.) 





20.2 17 thru 24 100 23.7 1.09 46 22.9 24.5 





The values for the measures of dispersion (standard deviation, coeffici- 
ent of variation, and interquartile distance) are in close agreement with 
those secured by Wood at Wellesley, Hanna at Oberlin, Bowles at 
Vassar, and Patek at Stanford. 

During 1930-32, measurements of foot length were made by Gould 
(1936) on “200 young women” of “Old American stock” and “Old 
Southern” residence (p. 62). The subjects were 172 undergraduates 
in attendance at “Newcomb College of Tulane University, New Or- 
leans,” 12 alumni and 16 “others, younger faculty or relatives or friends 
of students” (p. 58). Their homes were predominantly in Louisiana and 
Mississippi, with over 85 per cent in “states bordering the Gulf of 
Mexico” (p. 60). Almost without exception, their ancestors were 
“from the British Isles, France, and Germany,” having settled in North 
America “no more recently than the great-grandparental generation” 
(p. 62). Over 70 per cent had “four to eight great-grandparents born 
south of the Mason and Dixon’s line” (p. 58). In addition to rejec- 
tion of individuals not of northwest European descent and longstand- 
ing family residence in the southern part of the United States, “no 
persons having obvious physical defects or endocrine disorders” were 
accepted (p. 59). 

Seven per cent of the subjects were under seventeen years of age, 
85 per cent between seventeen and twenty-three years, and 8 per cent 
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between twenty-three and thirty-eight years. “The anthropometric 
technique was that acquired under Doctor Hrdlitka’s personal instruc- 
tion” (p. 64). It may be inferred that (a) each subject was instructed 
to raise her left foot and rest it on a stool or bench, and (b) the length 
of this foot was measured from pternion to acropodion. 


Foot length (cm.) on ‘Old American’ women at Newcomb College, Louisiana 





AGE GROUP PERCENTILES APPROXIMATE 
Mean Range N mean S.D. V 10th 25th 75th goth RANGE 
(yrs.) 





19.9 15-38 200 236 .o8 4.1 223 22.9 24.3 248 21.5-26.4 





Additional means were reported on two ethnic subgroups drawn 
from among the total series. For 71 individuals “whose ancestors prac- 
tically all appeared to have come from the British Isles,” mean foot length 
was 23.8 cm. (p. 63). For 46 “young women with one-fourth or more 
of French ancestry in the great-grandparental generation” (a mixed 
group representing “about 41 per cent of French ancestry” p. 53), mean 
foot length was 23.5 cm. (p. 75). 

Records for length of the left pes were obtained by Hatlestad (1940) 
on 200 White women enrolled in physical education classes at the Kansas 
State Teachers College of Pittsburg during the fall semester of 1938. 
The measurements were taken from pternion to the tip of the hallux, 
with the subject’s body weight evenly distributed through the lower limbs. 


Foot length (cm.) of college women measured at Pittsburg, Kansas, 1938 





AGE GROUP PERCENTILES 
Midpoint Range N meEAN S.D. V_  =%10th a2sth 75th ooth RANGE 
(yrs.) 





19 17-21 200 24.0 1.18 4.9 22.5 23.2 24.7 25.5 20.7-27.1 





These findings are similar throughout to those secured by Wilder and 
Pfeiffer at Smith College and by Carter at Pembroke College. They are 
higher for central tendency and variability than those of Gould at New- 
comb College. 











ATE 
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Beall (1939) collected and analyzed 383 measurements of pes 
length as part of “an effort to determine whether there is any rela- 
tionship between various structural anthropometric measurements of 
selected college women and their success in basketball, swimming, ten- 
nis, and the modern dance” (p. 47). The subjects were 346 sophomore 
and junior students examined in the spring of 1938 “at five eastern 
women’s colleges, namely, Barnard, Goucher, Vassar, Smith, and Welles- 
ley” (p. 6). All were “White, born of American-born parents, and not 
restricted by the college physician as to type of physical activity they 
could take” (p. 7). “The five colleges selected were chosen because 
their proximity to New York made it possible for one person to take 
all measurements; because they are liberal arts colleges drawing 
from families with much the same socio-economic background ; because 
they offer similar programs of physical education . . . sophomores and 
juniors were used in preference to freshmen in order to obtain stu- 
dents eighteen years of age or over and thus minimize the possibility 
of incomplete structural growth” (p. 6). 

The subjects were selected in terms of degree of skill in the 
four activities. For each activity, the instructors at each college de- 
signated from among those having “at least two seasons of experi- 
ence in the activity” the 10 per cent considered most skillful and the 
10 per cent “poorest in skill” (pp. 7-11). In the modern dance, the basis 
of selection was “skill in execution of dance movements rather than 
of creative ability. Speed and endurance rather than diving ability 
were the criteria for swimming” (p. 8). 

Length of the right pes was measured from acropodion to pternion. 
The instrument used was an anthropometer “converted into a rod 
compass, or large form of slide compass” (p. 20). “Thin socks were 
worn” (p. 23). Each subject “stood on a table with feet parallel and 
about six inches apart, weight evenly distributed” (p. 25). “The slide 
compass was held horizontally by the observer, standing on the right side 
of the subject with the fixed arm in contact with pternion. The moveable 
arm was brought lightly to the acropodion” (pp. 25-26). Reliability was 
studied by taking measurements “twice” on each of 35 students in at- 
tendance at Columbia University. Correlation of the two sets of values 
gave a reliability coefficient (Pearson product-moment) of .997. 
For all four activities together, mean foot length was 24.0 cm. on 
those showing the “greatest amount of skill” and on those “poorest 
in skill”. The means for all subgroups are shown in Table 12. 
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TABLE 12 


Foot length (cm.) of college women rated “skilful” and “unskilful” in 
selected physical activities 





UPPER 10% IN SKILL LOWER 10% IN SKILL 


N Mean Foot Mean N Mean Foot Mean 
Length Stature Length Stature 





Basketball 24.3 167.4 41 23.9 165.6 
Swimming 24.2 166.1 29 23.8 164.7 
Tennis 23.9 165.7 65 24.0 163.8 
Modern dance 23.9 164.9 29 24.2 166.3 





The foot length of Negro college women was studied by Steggerda 
and Petty (1940) at the Tuskegee Institute, Alabama. “One hundred 
girls from the physical education classes at the college were selected at 
random by Mrs. C. E. Petty and were measured by M. Steggerda” (pp. 
110-111). While they were “selected so as to eliminate all obvious 
Negro-White hybrids, . . . nearly every girl measured told of some 
degree of White and Indian admixture.” It was estimated that the 
hundred girls each had more Negro blood than White and Indian blood 


together. “Thus the Negro population are at least 50 per cent Negro 
and very likely as much as 75 per cent Negro; there may be some 80 
and 85 per cent pure Negro. The authors feel confident that in no 
case are any of the subjects 100 per cent Negro” (p. III). 

Tracings were made of the right stockinged foot of each subject 
and these tracings measured from the projected “tip of the great 
toe to the most posterior point of the heel.” 


Foot length (cm.) of Negro college women at Tuskegee Institute, Alabama 





AGE GROUP 
Mean Range . MEAN 
(yrs.) STATURE 





17 thru 24 / 163.3 





Comparison was made between the distribution of foot length from 
this sample of Negroes and that from the Smith College Whites studied 
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by Steggerda, Crane and Steele. A statistically significant difference 
was obtained, the Negroes having the longer foot. 

To his materials on foot length in White and Negro college women, 
Steggerda (1940) added a study for Indian women of college age. 
Measurements were taken on “100 young Navajo women, mostly from 
the government schools at Albuquerque and Ft. Wingate, New Mexico” 
(p. 417). “Any Navajos who were aware of White, Negro or other 
Indian admixture were excluded from the study” (p. 418). The sub- 
jects were considered “typical school girls from the Navajo reserva- 
tion” representing the period 1930-40. 

Anthropometric technique: With the subject standing on both 
feet, an outline of the right foot was traced on a sheet of paper by 
means of a split pencil held vertically. Tracings were made with “only 
the shoes removed” (p. 417). The projected landmarks were pternion, 
posteriorly, and, anteriorly, either the tip of the hallux (Steggerda, 
Crane and Steele, 1929) or the tip of the longest toe (Davenport and 
Steggerda, 1929). 


Foot length (cm.) of Navajo Indian women of college age 





AGE GROUP 
Mean Range » DB MEAN 
(yrs.) STATURE 





19.1 16 - 24 ‘ d . 155-7 








Mean foot length for this sample of Navajo Indian women is identical 
with that obtained by Bowles on White females attending Vassar and 
Wellesley between 1880 and 1910. It is lower by 0.3 cm. to 0.8 cm. 
than the means reported on White college women for the period 1920 
to 1940. 

Integrating the results on young adult women from the fourteen 
investigations reviewed, major findings are: 

1. The mean foot length of White females enrolled at North 
American colleges is greater today than half a century ago. For the 
period 1880-1910, measurements were accumulated on upwards of 
five thousand White women in attendance at five colleges. Pooled, 
these data yield a mean of 9.2 inches. During the years 1920-40, 
similar records were amassed at nine colleges on more than twelve 
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hundred White women students. The combined or general mean from 
these data is 9.4 inches. The difference in foot length is statistically 
significant at the 1 per cent level of confidence. 

2. Individual records of foot length for physically normal White 
females between the ages of seventeen and twenty-five years fall 
along a continuum extending from 1.4 inches below the mean to 
1.4 inches above the mean. With particular reference to either the 
interval 1880-1910, or the interval 1920-40, approximately 50 per 
cent of the measurements of foot length cluster between the limits of 
0.3 inch on each side of the mean. Of the remainder, 30 per cent lie 
between 0.3 inch and 0.6 inch above and below the mean, while 20 
per cent scatter beyond the limits of 0.6 inch. The standard deviation 
is barely half an inch. 

3. Holding time of study constant, the mean foot length of young 
adult females is greater for Negroes than for Whites, and for Whites 
of northwest European ancestry than for Navajo Indians. The means 
available for comparison are from data collected in the decade 1930-40. 
Their values are 9.8 inches on Negroes, 9.4 inches on Whites, and 9.2 
inches on Navajos. Each difference is statistically significant at the 
I per cent confidence level. 


EARLY ADULTHOOD: MALES 


Two analyses of data for foot length collected at Amherst College 
prior to 1890 were reported by Hitchcock and Seelye (1888) and by 
Hitchcock (1891). The earlier analysis was based on records for 
“all” students attending the college between 1882 and 1888; the later 
analysis, on “about five hundred” freshmen enrolling between 1884 
and 1889. In both instances attention was confined to central tendency. 
The 1891 paper afforded central tendency values for each foot; the 
1888 paper gave a single value obtained from composite records 
representing both feet. 


Average foot length (cm.) of college men measured 
at Amherst, Massachusetts, prior to 1890 





1882 - 88 1884 - 89 
Mid-foot Right foot Left foot 





26.0 26.1 26.0 
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Related to previous findings, these averages indicate that the feet of 
White males are twice as long in early adulthood as at eighteen months 
after birth, and more than five times as long in early adulthood as at 
six months following fertilization. 

The average length of each pes on male students in attendance 
at three eastern colleges prior to 1890 was investigated by Hitchcock, 
Jr. (1890). Data was secured from “nearly fifteen thousand re- 
corded examinations” made at Yale University, Connecticut, Am- 
herst College, Massachusetts, and Cornell University, New York. 
Apparently, the measurements were made by Seaver at Yale, Hitch- 
cock Sr. at Amherst, and Hitchcock Jr. at Cornell. Identical aver- 
ages (25.8 cm.) were obtained for the right and left pedes. 

Extensive anthropometric tables derived from measurement of stu- 
dents attending Amherst College were published in 1892 and in 1900. 
The earlier tables (Hitchcock, 1892) were probably based on data 
collected over the preceding decade; the later tables, on data accumulat- 
ed between 1882 and 1900. Both publications carried identical values 
for foot length; the tables differed only in the column headed “number 
of men measured”. 

In each series of tables the item “number of men measured” stood 
to represent over forty different dimensions of the body. Since a few 
of these dimensions (not including foot length) had been taken as early 


as 1861, and others added at various times to 1882, the numbers yiven 
no doubt exceed the records for foot length. 

Measurements were made of “the extreme length of foot from 
the end of the first or second toe to the back of the heel, about one inch 
from the surface upon which the foot rests” (1900, p. 11). Both right 
and left foot were measured (see Table 13). The publication of 


TABLE 13 
Foot length (cm.) of males in attendance at Amherst College c. 1882-1900 





AGE GROUP NUMBER EXAMINED MEAN 
Midpoint Range 1892 1900 Right Left 
(yrs.) report report foot foot 





Central tendency values by age 
17.5 17.0 - 17.9 326 26.1 26.1 
18.5 18.0 - 18.9 735 26.1 26.1 
20.0 19.0 - 20.9 1876 26.1 26.0 


23.0 21.0-24.9 1709 26.2 26.1 
Total examinations 7988 26.0 25.9 
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Percentiles (disregarding age differences) 
FOOT N 5 10 30 50 70 90 95 





Right 2230 24.2 246 254 260 266 $27.5 27.9 
Left 2230 24.1 24.5 25.4 26.0 26.6 27.5 27.9 





1900 listed the largest records for foot length included among the data 
gathered to this time. These records — 30.3 cm. for the right foot and 
30.0 cm. for the left — were obtained on a student measured in 1895. 

Seaver (1909) reported averages for foot length on male stu- 
dents of four colleges (see Table 14), “the material having been 
obtained by one man in each institution” (p. 86). There was no 
further discussion of the material from Amherst, Cornell, or Wisconsin. 
The data representing Yale were seemingly collected by Seaver over the 
quarter-century beginning with 1883. 

In orienting the foot for measurement, Seaver appears to have used 
two procedures. Either the subject was (a) in the sitting position, 
thighs parallel with the floor, legs perpendicular, and feet resting on 
the floor, or (b) in the erect position, the limb to be measured oriented 
with the thigh parallel with the floor, the leg perpendicular, and the 
foot resting on a stool. Foot length was determined on the nude foot 


TABLE 14 


Foot length “averages” (cm.) on four groups of college males 
studied prior to 1909 





COLLEGE OR RIGHT FOOT 
UNIVERSITY 





Yale . 25.8 25.8 
Wisconsin ’ 26.0 26.0 
Amherst ’ 26.0 25.9 
Cornell ieee 25.8 25.8 





with wooden sliding calipers — the fixed arm of the calipers contact- 
ing “the greater prominance of the os calcis”, the shaft “touching the 
inner surface of both the heel and the ball of the foot”, and the slid- 
ing arm contacting the tip of the longest toe (p. 37). It will be noted 
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that the averages for Amherst may have been reproduced from the 
tables compiled by Hitchcock in 1892 and/or 1900. 

Measurements of pes length were obtained by Hall (1896) on 
male students attending Haverford College, Philadelphia, during the 
years 1889-93. The subjects were “exceptionally homogeneous as 
to (1) race, (2) nationality, (3) social and financial conditions, and 
(4) physical development” (p. 21). “Their parents were almost with- 
out exception born in America, and the families came originally from 
England. The families were with very few exceptions well-to-do” (p. 
21). Unusual opportunities for physical development “induced a great 
majority of the students . . . to enter actively into athletics” (p. 21). 

Length of the nude pes was measured with wooden sliding calipers 
“from the posterior surface of the calcaneum to the tip of the first 
or second toe” (p. 25). The examinations were made “under the 
most favorable circumstances” and the measurements taken with 
special care. 


Foot length medians (cm.) on male students at Haverford College 1889-93 





AGE GROUP 
Midpoint Range N 
(yrs.) 
18.5 17 - 20 685 25.9 
c.22 20 and up 340 26.0 








The combined median of 25.9 cm. closely approximates all of the pre- 
viously cited figures for average foot length in college men. 

Bowles (1932) presented analyses of foot length data for selected 
groups of men attending Harvard University in the period from about 
1870 to 1917 (see Table 15). He utilized two major samples ; one con- 


TABLE 15 


Foot length (cm.) of selected groups of men attending Harvard 
University 1870-1917 





AGE GROUP 
Mean Range N 
(yrs.) 





Father-son findings 
Fathers 19.6 c.400 26.0 21.5 - 29.5 
Sons 18.5 477 26.2 . 22.5 - 30.0 
Findings on brothers 
Older brothers 78 25.8 . 23.0 - 29.0 
Younger brothers 78 25.9 24.0 - 28.0 
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sisting of approximately 400 Harvard men who later had sons enrolled 
at Harvard, the other composed of 477 sons of the aforementioned fath- 
ers. Both samples were considered largely “of Old American stock”, 
The sons were stated to be “practically all of . . . two or three genera- 
tion English, Scotch, Irish and German ancestry” (p. 5). Supplemen- 
tary analyses were made for data on 78 pairs of brothers. Two sub- 
groups were formed — one by taking the older member of each pair, 
and a second by taking the younger member. There was no discussion 
of the anthropometric landmarks and procedures employed in obtain- 
ing the measurements. The difference in foot length between fath- 
ers and sons is statistically significant at the 5 per cent level of con- 
fidence. 

In the summer of 1939, Gould (1941) measured the foot length 
of “100 young men” of Old American stock® in attendance at the South- 
western Louisiana Institute, Lafayette. All of the men were “from 
small towns, villages, farms and trapping lands” in “the heart of the 
Acadian French country . . . of south central Louisiana” (pp. 292, 295). 
Their “near ancestry was completely or almost completely of French 
origin,” with continuous residence “for several generations . . . in the 
subtropical climate of the gulf costal plain in Louisiana” (p. 310). 
The small proportion of non-French ancestry included “English, Irish, 
German, Dutch and Spanish” (p. 291). No less than “go per cent of 
the grandparents were stated to have been born in Louisiana” (p. 292). 
With reference to socio-economic status, the subjects were described 
as “college students and school teachers . . . not often from families 
with a tradition of higher education” (pp. 295-6). 

The anthropometric procedure followed was that “described by 
Doctor Hrdli¢ka, from whom the writer received personal instruc- 


Foot length (cm.) of ‘Old American’ college men attending Southwestern 
Louisiana Institute 1939 





AGE GROUP 
Mean Range 


(yrs.) 





21.9 17 - 39 





* Young men “whose ancestors along all lines, at least to the grandparental 
generation, had been born in the United States” (p. 298). 
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tion” (p. 299). It will be recalled that Hrdlicka’s method was first 
to have the subject raise his left foot and place it lightly on a stool 
and then to determine (along a line parallel with the long axis of this 
foot) the maximum distance from pternion to acropodion. Compared 
with the mean from Bowles for Harvard men (fathers) studied 
ground half a century earlier, this mean is higher by 0.3 cm. The 
difference is statistically significant at the 5 per cent confidence level. 

Burghardt (1937) analyzed foot length data on 51 Negro males and 
61 White males in attendance at the University of Iowa during the 
academic year 1936-37. An attempt was made to enlist all the physically 
normal Negro students enrolled. “The basis for the selection of the 
White subjects was to match, as nearly as possible, the two groups ac- 
cording to height and weight” (p. 9). The White sample was drawn 
“in the main . . . from physical education classes” (p. 27). Within 
the ‘Negro’ sample the range of skin color was wide—‘“from an in- 
dividual who could easily pass for White . . . to one of very dark 
color” (p. 10). The subjects “came, in general, from the middle west- 
ern states” (p 42). 

The records were obtained on the left foot either from direct meas- 
urement or from tracings. According to Burghardt: “. . . wooden 
calipers were used, the fixed arm just touched the back of the hee!, the 
movable arm was adjusted according to the total length of the foot, 
and the calibrated part of the calipers touched the inner border of the 
foot” (p. 12). In a paper published two years later, Metheny made 
additional use of the Negro portion of the data stating that the pro- 
cedure followed was “toes, sides and heel marked with pencil and 
measurement made from print, using millimeter ruler” (p. 44). This 
source gave credit for collection of the data to “Dr. Wayne W. Massey 
and Mr. Franklin Burghardt” (p. 42). 


Foot length (cm.)of White and Negro males, University of lowa, 1936-37 





WHITE NEGRO 
N Mean N Mean 





61 26.3 5! 27.3 





It should not be overlooked that the difference of 1.0 cm. in mean 


foot length accrues from two samples matched for stature and body 
weight. 
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Findings for pes length from “a random sample” of “1oo American 
Negro men at Tuskegee Institute, Alabama” were reported by Steg- 
gerda and Petty (1942). The subjects were considered “a group of 
relatively homogenous Negro college males” belonging to “a more or 
less equal socio-economic class (pp. 275-6). 

Pes length was determined on contour drawings of the right pes 
as the distance from the most forward projection of the great toe to 
the most posterior protrusion of the heel. 


Foot length (cm.) of Negro college men at Tuskegee Institute, Alabama 








AGE GROUP 

Mean Range N MEAN S. D. V 
(yrs.) 

21.2 16 thru 23 100 27.4 1.40 5.1 





The mean is similar to that obtained by Burghardt on Negro males. The 
measures of variability are appreciably higher than those reported on 
White college men by Bowles and Gould. 

Colligation of the materials on foot length in early adulthood yields 
the following findings: 

1. The mean foot length of men attending North American col- 
leges is greater for Negroes than for Whites, and greater for Whites 
enrolled during recent years than for those enrolled half a century pre- 
viously. Specifically, the means are 10.2 inches from data on White 
men at six institutions between about 1880 and 1910, 10.4 inches from 
data on White men at two institutions in the decade 1930-40, and 108 
inches from data on Negro men at two institutions in the decade 1930- 
40. In each instance, these means exceed the corresponding means for 
females by one inch. 

2. There is no clear difference in variability of foot length for 
young adult males and females. The median coefficient of variation 
from the studies on White college students of each sex is 4.6 per cent. 
For students of “Old American” stock, the coefficients obtained are 
4.1 per cent (Gould) and 4.8 per cent (Carter) on females and 44 
per cent (Gould) on males. The minimum coefficient reported is 4.0 
per cent on Navajo Indian females (Steggerda); the maximum co- 
efficient, 5.1 per cent on Negro males (Steggerda and Petty). 
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MIDDLE ADULTHOOD: WHITE AND NEGRO GROUPS 


Utilizing a small series of adult males, Dunn (1923) studied the 
length of the foot “when subjected to body weight” and “when not 
subjected to body weight” (p. 623). From a sample of 108 males, about 
two-thirds soldiers and one-third college students, 70 were selected as 
“all having normal feet” (p. 581). Of these latter, 29 served as sub- 
jects. 

Each foot was measured “with and without the entire body weight 
upon the arch . . . In order to apply the body weight in a uniform man- 
ner, the individual was asked to balance himself »n one foot” (p. 571). 
Measurement was made “from the most posterior point on the heel to 
the tip of the great toe” (p. 572). 


Foot length (cm.) of adult males taken under two procedures 








WEIGHTED FOOT UNWEIGHTED FOOT 

AGE RANGE Right Left Right Left 
(yrs.) N Mean N Mean N Mean N Mean 
16 - 34 29 3s - 26.5 29 26.1 290 2.0 2 26.0 





It will be recalled that this tendency for the human foot to be longer 
“weighted” than “unweighted” is supported by the findings of Patek 
on undergraduate college women and of Meredith on elementary school 
children. 

Davenport, Steggerda and Drager (1934) compared foot length data 
as obtained from tracings of the left foot, tracings of the right foot, 
and direct measurements of the right foot. A single adult subject was 
measured by Steggerda “at different times of the day through a number 
of days” (p. 266). Tracings of the left foot were found to be signi- 
ficantly longer than those of the right foot, and tracings of the right 
foot (split pencil method) significantly longer than measurements 
of foot length “taken directly by calipers” (p. 272). The mean dif- 
ferences were approximately 0.2 cm. and 0.3 cm., respectively. The 
direct measurements on the subject’s right foot gave a mean of 25.4 cm. 

Records for foot length were accumulated by Hrdlitka (1925) on 
456 “Old Americans”. An “Old American” was defitied as an American- 
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born, physically normal, non-senile adult of White ancestry “whose 
parents as well as all four grandparents” were born in the United 
States (pp. 4-5). Accordingly, the sample was made up of “third native 
generation” White Americans, exclusive of “the subadults . . . the 
senile . . . those obviously abnormal . . . those in poor health” (p. 7). 
The subjects were almost entirely of northwest European descent (i.e. 
their ancestors came mainly from the British Isles, Scandinavia, the 
Netherlands, France and Germany). They were predominantly resi- 
dents of the District of Columbia and of northeastern states. Occupa- 
tionally, they represented “the clerical, professional and at-ease” groups 
(p. 340) — the male series included “clerks, business men, professional 
men, members of Congress and men of leisure, artisans and farmers”; 
the female series, “clerks, women in business or professions, house- 
wives, and women of leisure” (p. 7). 

Measurements were taken “on the left foot”, using aluminum, 
broad-branched, sliding calipers (the Hrdlicka compass). During 
measurement, the subject’s left foot resied lightly on “the bench used 
for measuring the height sitting,” while his body weight was supported 
primarily through the right foot. With the shaft of the instrument 
paralleling the long axis of the left foot, one branch was placed in 
contact with pternion and the other branch “brought lightly to the 
most distal part of the longest toe.” The data were collected largely 
between 1912 and I9Q17. 


Foot length (cm.) of ‘Old American’ adults measured c. 1912-17 





MEAN MINIMUM PERCENTILES : MAXIMUM 
AGE N VALUE I0 25 50 75 90 VALUE 


(yrs.) 





Males 42.5 246 22.6 24.7 25.4 26.1 26.8 27.6 29.6 
Females 41.0 210 20.8 22.1 22.7 23.3 24.0 24.7 26.6 





Hrdlicka secured supplementary data on twelve groups of adult 
male immigrants “within the same age limits as the Old Americans” 
(twenty-four to sixty years) and “measured by the same method” 
(pp. 155, 340). It will be seen that the average foot length of adult males 
was found to be highest on immigrants from Poland, intermediate on 
“Old Americans”, and lowest on South Italian immigrants (Table 16). 
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TABLE 16 
Foot length (cm.) on adult males of twelve ethnic groups 





MEAN 
AGE 
(yrs.) (yrs.) 





Poles 30.2 . English 29.3 20 26.2 
Croatians 35-3 50 , Greeks 33-9 50 26.1 
Irish 30.2 35 Rumanians 36.5 50 26.0 
North Italians 33.9 50 Armenians 29.7 25 25.8 
Russians 32.0 50 Russian Jews 31.5 50 258 
Hungarians 35.6 50 t South Italians 30.4 50 25.7 





During the years 1918-19, records of male foot length — 439 for 
each pes — were obtained by Bean (1919). The subjects were “ 
students attending the University of Virginia, and 341 soldiers, drafted 
men who had recently entered the truck school near the university .. . 
The students were between 18 and 26 years of age and the soldiers were 
between 21 and 40 inclusive” (p. 280). “The soldiers were largely 
from the laboring classes and the students from the leisure classes, and 
both, almost without exception, represented the Old American stock 
who have been in this country for at least three generations, almost 
entirely in Virginia” (p. 281). 


Foot length (cm.) of ‘Old American’ males measured 1918-19 in Virginia 





RANGE OF 
AGE GROUP 
(yrs.) 





18 - 40 439 26.0 439 26.1 





Bean does not discuss the anthropometric technique employed. His 
findings are practically identical with those of Hrdlicka on “Old Ameri- 
can” adult males. 

Steggerda (1932b) gathered measurements of pes length on 130 
adults of Dutch ancestry, members of his family. Some of the sub- 
jects were born and raised in the Netherlands, some in North America. 
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“The ancestors of all . . . came from the northern provinces of the 
Netherlands” (p. 310). There was no trace of mixture with other 
ethnic groups “for several generations at least” (p. 310). Fifty-seven 
of the subjects resided in the Netherlands and were measured during 
the summer of 1930; the remaining 63 resided in Ottawa County, 
Michigan, and were measured over a period of “several years”. The 
American Dutch included “persons of both the maternal and paternal 
lines of the author,” while the European Dutch included “only the 
author’s paternal line” (p. 335). 

“All measurements were taken by the author with a uniform 
technique” (p. 311). After each subject had “removed shoes”, a 
tracing was made of the right pes, and length determined from this 
tracing as “the maximum distance from the great toe to the heel” 


(p. 323). 


Foot length (cm.) for “interrelated” adults of Dutch ancestry 





N 





Males 35 
Females 36 c.60 24.2 4.6 





These means are higher than those from Hrdlicka’s samples of “Old 
Americans” by 0.9 cm. for females and 0.5 cm. for males. 

Gould (1941) collected and analyzed foot length records on 100 
adult males of French ancestry “whose forebears had lived for about 
300 years” in the maritime area of eastern Canada called by the early 
colonists “La Cadie, Arcadie, or Acadie” (pp. 289, 310). During the 
centuries since the first permanent settlement in 1605, “the territory 
known as Acadia has had indefinite and shifting boundaries . . . in 
Nova Scotia . . . New Brunswick . . . the Gaspé peninsula . . . Prince 
Edward Island and Cape Breton Island” (p. 290). In many communi- 
ties “there has been little infiltration from the outside and the Acadians 
have married among themselves” (p. 295). 

The subjects, considered to typify “descendants of the original 
stock,” were drawn from various parts of New Brunswick province 
and Prince Edward Island. They represented “families of moderate 
or small means, living in small towns, villages or in the country” (p. 
295). Tabulation of occupational data gave the following: “54 manual 
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workers including 22 farmers, 14 laborers, 9 fishermen, 3 garage mech- 
anics and 6 various; and 46 others” including varied commercial and 
professional occupations (p. 296). 

The data were amassed during the summer of 1940. Length of 
the left foot was taken from pternion to acropodion. With reference 
to orientation and pressure, the procedure was “as described by Doctor 
Hrdlicka, from whom the writer received personal instruction” (p. 299). 


Foot length (cm.) on “Acadian French males of Canada” studied 1940 





AGE GROUP 
Mean Range 
(yrs.) 





27.2 17 - 46 





These findings are similar to those obtained by Gould on “Old Ameri- 
can” college men, largely of French ancestry, studied in 1939 at the 
Southwestern Louisiana Institute. 

Davenport and Steggerda (1929) analyzed foot length data on 317 
adult residents of Jamaica, British West Indies—97 Negroes, 92 Whites, 
and 128 Negro-White hybrids. As far as it was possible to ascertain, 
the Negro subjects had the “genetic constitution” of “pure African 
Negro” and the White subjects the “genetic constitution” of “European”. 
The hybrid subjects were characterized as “sambo, mulatto, quadroon, 
or more complex cross” (p. 20). All three groups were selected to re- 
present approximately the same socio-economic level; they were drawn 
primarily from the agricultural class, though in addition to “cultivators” 
there were appreciable numbers of college students, firemen, candidates 
for the police force, seamen, and penitentiary inmates. The data were 
collected in 1926-27. 

With the subject “standing on both feet, his right foot on a sheet 
of paper, the outline of the foot was traced” (p. 27). On this tracing, 
“taken with a split pencil held in a vertical position while passing around 
the contour,” measurement was made of “the horizontal distance from 
heel to tip of the longest toe” (p. 134). 
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Foot length (cm.) of three groups of Jamaican adults measured 1926-27 





MALES FEMALES 
(Ages c.18 - 40 yrs.) (Ages c.18 - 35 yrs.) 


N Mean S.D. V Mean S.D. V 





White 48 25.7 1.65 6.4 23.6 1.21 5.1 
Negro 53 26.6 1.46 5.5 24.5 1.32 5-4 
Hybrid 89 260 127 49 3924.5 321.40 = 5.7 





As at the college ages, mean foot length is greater for males than for 
females, and greater for Negroes than for Whites. 

Individual records were given for 19 of the 92 White subjects, all 
members of one family. The family was of “German origin” and 
had a pedigree which included seven first- and second-cousin inter- 
marriages. 


G. G., his wife, and two sons 


Relationship G. G. Wife of G. G. Sons of G. G. (brothers) 
Sex and age (yrs.) Male: 57 Female : 57 Male: 34 Male : 20 
Foot length 26.1 23.9 25.9 26.3 


W. S. and his two nephews 


Relationship W:S. Nephews of W. S. (brothers) 
Sex and age (yrs.) Male: 58 Male: 20.5 Male: 19 
Foot length 24.3 24.4 23-5 


Two brothers and two of their first cousins 


Relationship Brothers First cousins (siblings) 
Sex and age (yrs.) Male : 30 Male: 24 Male: 27 Female : 23 
Foot length 23.3 25.6 25.6 24.4 


Three pairs of siblings, first cousins 


Relationship Siblings First cousins (siblings) First cousins (siblings) 

Sex and age Male: 28 Female: 17 Male: 23 Female: 18 Male: 26 Female: 23 
(yrs.) 

Foot length 24.0 23.2 23.7 20.5 23.0 21.4 


First cousins 


Sex and age (yrs.) Male: 21 
Foot length 25.0 
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On the 14 males, the values for foot length are distributed between 
23.0 cm. and 26.1 cm. For the three pairs of brothers, the fraternal 
differences in foot length are 0.4 cm., 0.9 cm., and 2.3 cm. 

Measurements of foot length were accumulated by Hrdlicka (1928) 
on a small series of American Negro adults, “All of whom could with 
full confidence be regarded as full-blood” (p. 27). After eliminating 
“the young, old, crippled, or diseased” (p. 15) there remained a 
sample of twenty males and six females. “All were in good physical 
condition, and no one showed any feature suggesting either a White 
or Indian mixture” (p. 16). They resided in Washington, D. C., and 
were “mainly laborers and servants” (p. 27). Collection of the data 
was intermittent, covering an extended (unspecified) period begin- 
ning in 1903. 

Foot length was taken as the “maximum length” of the left pes, 
parallel to its long axis. The pes rested on a bench, with the subject 
carrying his body weight primarily through the right limb. Special 
study was made “as to the relative length of the first two toes” (p. 
25). For both males and females together, in about 20 per cent “the 
first and second toes were of equal length” and in approximately 12 per 
cent “the second toe was distinctly the longer” (p. 26). 


Foot length (cm.) of full-blood American Negro “laborers and servants” 





AGE GROUP PERCENTILES 
Mean’ Range SEX N MEAN S.D. V 25th 75th RANGE 
(yrs.) 





36.2 25-60 Males 20 26.8 1.26 4.7 26.0 27.5 23.6 - 29.3 
21.7 19-25 Females 6 25.4 ae ewes Tikes “cages 22.6 - 26.9 





The mean for males is 0.6 cm. lower than that obtained on Negro college 
men in 1942 by Steggerda and Petty. On the assumption of random 
selection, there is less than one chance in fifteen that the two samples 
represent one population. Further alignment of the two studies shows 
them to differ in anthropometric procedure, in socio-economic level, and 
in the time the data were collected. To the writer, it appears more prob- 
able that the difference in foot length is related to socio-economic selec- 
tion and/or secular variation than that it accrues from systematic 
methodological differences or represents no more than a chance differ- 
ence from random sampling. 
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Employing White and Negro adult cadavera of each sex, Todd and 
Lindala (1928) reported statistical reductions from four distributions 
for foot length. The cadavera were selected to yield “unimpeachable 
records to form standard samples for comparison” (p. 94). Rejection 
was made of any cadaver “crippled, deformed or mutilated . . . obviously 
oedematous . . . autopsied . . . embalmed by the undertaker . . . in an 
advanced state of decomposition” (p. 39). The subjects — 136 White 
adults and 132 Negro adults — were drawn from among 1000 cadavera 
of former residents of Cleveland, Ohio, “deposited in the anatomical 
laboratory of Western Reserve University” (p. 36). Their age dis- 
tribution was not discussed. 

The majority of the specimens represented “the lower strata of 
society” (the “indigent poor”), though “many bodies were those of 
persons of middle class birth” (p. 37). “The White material was 
largely alien, from Northern Europe, or native American of the second 
generation whose parents hailed from Northern Europe. The Negro 
material was mainly of recent migration from the South, particularly 
from Alabama” (p. 95). The Negro material was considered 
“thoroughly representative of the American Negro, largely uninfluenced 
by the White” (p. 38) — in pigmentation the skin was found to be fully 
as dark and homogeneous as for other so-called “American Negro” or 
“pure-blood” series. 


TABLE 17 
Foot length (cm.) on White and Negro adult cadavera 





S. D. Vv 





Negro Male 100 25.6 1.39 5.4 
White Male 100 24.4 1.19 4.9 
Negro Female 32 23.1 1.18 5.1 
White Female 36 21.5 1.36 6.3 





The left foot was measured from pternion to acropodion (see 
Table 17). All measurements were made by one individual (Todd). 
Compared with the means obtained in other investigations on similar 
race-sex subgroups, these means are appreciably smaller throughout. 
Explicitly, the lowest North American means reported on living sub- 
jects are 26.8 cm. for Negro males (“laborers and servants” studied 
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by Hrdlitka, 1928), 25.7 cm. for White males (South Italian immigrants 
studied by Hrdlicka, 1925), 25.0 cm. for Negro females (college women 
studied by Steggerda and Petty, 1940), and 22.9 cm. for White females 
(college women studied by Hitchcock, 1891). In every instance the 
means of Todd and Lindala on cadavera are lower by upwards of a 
centimeter. 

In many respects, the findings for foot length in middle adult- 
hood are no different than those for early adulthood. It follows, then, 
that certain statements can be made covering all ages beginning at 
the close of the second decade and extending to the end of the fourth 
decade. Generalizations for this age span from the entire series of re- 
sults available on samples of White and Negro adults are: 

1. The mear foot length of North American White males is 10.3 
inches and that of White females 9.3 inches. Corresponding means for 
North American Negro males and females are higher by approximately 
four-tenths of an inch. 

2. There is a slight tendency for the standard deviation to be higher 
for males than for females. This tendency is neither marked nor fully 
consistent from study to study. It is a close approximation to regard the 
standard deviation as one-half inch for males and slightly less for fe- 
males. 

3. For each sex, adult foot length is so distributed that 50 per 
cent of the measures lie between the limits of 0.3 inch above and below 
the mean, 30 per cent between these points and 0.6 inch above and below 
the mean, and the remaining 20 per cent half between 0.6 inch and 1.4 
inches below the mean and the other half between 0.6 inch and 1.4 inches 
above the mean. These figures are substantially supported by the in- 
vestigations on White adults, while the smaller amount of information 
on Negro adults appears equally well represented by the same zones 
(taken, of course, above and below the Negro means). 


MIDDLE ADULTHOOD: AMERICAN INDIAN GROUPS 


Between the years 1898 and 1910, during six expeditions to north- 
ern Mexico and the southwestern part of the United States, Hrdlicka 
(1935) amassed nearly twelve hundred measurements of adult foot 
length on “healthy, fullblood” Pueblo and non-Pueblo Indians. “The 
endeavor to include fullbloods only (those “free from any recognizable 
trace of mixture with either the White or the Negro,” p. 245) was 
held paramount throughout the work . . . With the care taken, any 
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disturbance of the data from the possible inclusion of mixtures must 
be immaterial” (p. 241). Among the fifteen tribes visited and found 
willing to have measurements taken on either the adult males or the 
adults of both sexes, “no selection of individuals was practiced except 
as to the mixbloods and the senile, who were strictly avoided” (p. 266). 
The subjects were 271 “adult fullblood Pueblos” residing mainly in 
New Mexico and Arizona, and 921 “fullblood adult Indians” repre- 
senting “all the more important” non-Pueblo tribes “of the territories 
extending from southern Utah and Colorado to the State of Morelos 
in Mexico” (p. 242). 

The data “were gathered with all possible care as to accuracy” (p 
265). Measurement was made of the maximum straight line distance 
along the foot axis. “The foot measured was the left, and that in its 


TABLE 18 


Foot length (cm.) on healthy adult fullblood Indians of the 
southwest United States and northern Mexico 





Central tendency values by tribe 


MALES FEMALES TRIBE 
N Mean N Mean 


Pueblos 24.3 88 222 Apache (Wh. R) 25.6 
Tarahumare 24.4 10 220 Pima 258 
Otomi 24.5 21.8 Pagago 25.8 
Aztec 24.6 22.3 Zuma 26.0 
Tarasco 50 248 22.4 Mohave 26.0 
Navaho 49 25.1 23.1 Maricopa 26.6 
Cora ss sg 23.0 Yaqui 27.0 
So. Ute 50 25.2 23.3 Total data 25.1 3905 





Central tendency values for three age groups 


Below 28 yrs. 28 to 50 yrs. Above 50 yrs. 
N MEAN N MEAN N MEAN 


Males 


Pueblos ; 116 
Others 302 


Females 


Pueblos ; 58 
Others 183 
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Central tendency and variability values for Pueblo Indians 


N MEAN PERCENTILES 
25th 75th 

183 24.3 23.6 25.0 
88 22.2 21.5 22.8 





Central tendency values for Pueblo subgroups 


SUBGROUPS MALES FEMALES 
Mean N Mean 


Tanoan (Hano) 23.8 22.1 
Zuni 24.2 22.1 
Hope 24.3 21.8 
Queres (Laguna) 24.7 22.7 





natural condition, without subjection to the weight of the body” (p. 435). 

The means for different tribes (see Table 18) vary considerably. 
Maricopa Indians yield means higher than those on Pueblos by 2.3 cm. 
for males and 2.2 cm. for females. It is of interest that “up to the time 
of these examinations the Pueblos went either barefoot, or wore sandals 
which in no way constricted the foot” (p. 437). 

In 1924, foot length data were collected by Schultz (1926) on 37 
“Central-American Indians” of two tribes. The subjects were “pure- 
blooded” Indians living in the eastern part of Nicaragua. They “be- 
longed to the Rama and Sumu tribes and numbered 25 and 12 adult 
men respectively” (p. 65). 

Measurement was made of the left foot. The pternion-acropodion 
distance was obtained “with the foot on a bench, so that the body weight 
did not rest on the foot” (p. 66). 


Foot length (cm.) on two groups of Nicaraguan male Indians measured 1924 





AGE GROUP PERCENTILES 
Mean Range TRIBE N MEAN asth 75th 
(yrs.) 
21 - 40 Rama 25 25.2 24.5 25.9 22.0 - 27.9 
c.30 20 - 50 Sumu 12 24.2 nies omen 20.5 - 27.1 








On the average, the foot length of the Ramas was found to exceed 
that of the Sumus. The mean stature of the Ramas was 166.1 cm., that 
of the Sumus 158.2 cm. 

Hrdlicka (1926) reported an analyzis of pes length data obtained 
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by an assistant on 66 Indian adults of Panama (Table 19). “In the 
early months of 1924 Mr. John L. Baer . . . secured a series of meas- 
urements on two tribes of Indian inhabitants . . . from the Gulf of 
Darien, Panama” (p. 1). “The two tribes, in a loose way neighbors, 
were the Cunas and the Chocos” (p. 2). The former resided “along the 
coast,” the latter “inland”. 

Since Mr. Baer was trained by Hrdlicka, it can be assumed that in 
each instance the left pes was oriented for measurement upon a low 
bench and its maximum length determined with broad-branched, slid- 
ing calipers. 








TABLE 19 
Foot length (cm.) on adult Indians of Darien, Panama 
AGE GROUP 
Mean Range TRIBE SEX N MEAN RANGE 
(yrs.) 
30 20-58 Choco Males 27 23.6 22.2 - 25.4 
30 19 - 40 Choco Females 10 21.9 20.8 - 24.1 
32 21 - 60 Cuna Males 20 24.1 22.2 - 25.7 
31 18 - 45 Cuna Females 9 22.1 . 20.4~-23.1 





In the same paper, Hrdlicka presented data on eight Indians “from 
the San Blas Territory, Panama” (p. 8). They ranged in age from ten 
to forty years. Five were of normal pigmentation and three albinos. 
All were brought to Washington, D. C., by Mr. R. O. Marsh. The 
measurements were made by Hrdlicka in the latter part of 1924 (Table 
20). 








TABLE 20 
Foot length records on Indians of San Blas, Panama 
SUBJECT SEX APPROXIMATE FOOT LENGTH 
AGE (yrs.) (cm.) 
Normally pigmented 
I Male 35 24.9 
2 Male 28 22.5 
3 Male 28 22.7 
4 Male 40 24.5 
5 Female 35 23-3 
Albino 
6 Male 17 23.2 
| Male 10 218 
8 Female* 15 23-5 





*Subject 8 was the daughter of Subjects 4 and 5. 
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In 1925, measurements of foot length were made by Harris (1926) 
on 46 adult “Indians of the San Blas Coast” (p. 57). These subjects 
were drawn from the two localities of Alligandi and Portogandi. They 
were considered to represent longstanding “purity of blood” and “re- 
latively close inbreeding” (p. 57). Six of the 46 were partial albinos 
or so-called “White Indians.” 

“Reproductions in two dimensions were made of the foot,” and 
data for foot length secured “from these outline tracings” (p. 41) (see 
Table 21). 


TABLE 21 
Foot length (cm.) of San Blas (Tuli) Indians measured in 1925 








AGE GROUP 

SERIES Mean Range SEX N MEAN RANGE 
(yrs.) 

Normal pigmentation 32.0 17-55 Males 14 23.0 22.1 - 24.6 

Partial albino 28.4 22-40 Males 5 22.1 21.1 - 23.2 

Normal pigmentation 30.5 18-60 Females 26 21.0 19.3 - 22.3 

Partial albino 35 - 40 Female I 21.7 





By pooling the “normal pigmentation” and “partial albino” series 
from this study, and the six records at ages seventeen to forty years 
on San Blas Indians from Hrdlitka (1926), the following tabulation 
was obtained: 


Foot length (cm.) on adult Indians of San Blas Panama 
(Derived from data collected by Hrdlicka in 1924 and Harris in 1925) 











AGE GROUP PERCENTILES 
Mean Range SEX N MEAN) 25th 75th RANGE 
(yrs.) 
30.8 17-55 Males 24 23.0 22.3 23.6 21.1 - 24.9 


30.9 18 - 60 Females 28 21.1 20.5 21.7 19.3 - 23.3 





These means are lower than any others reported on adult inhabitarts of 
North or Central America. 
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Collins (1925) took measurements of foot length on 50 adult 
“Choctaw in the vicinity of Philadelphia, Mississippi” (p. 425). The 
subjects were obtained through the cooperation of the Indian Agency 
of Philadelphia. While an attempt was made to reject individuals of 
“mixed blood,” there remained among those studied some “with traces 
of White” (pp. 426, 432). The data were collected in 1925. 

“The anthropometrical method employed was that outlined by Dr. 
Hrdlicka” (p. 426). In other words, the left extremity was oriented for 
measurement with the foot on a bench, the leg perpendicular, and the 
thigh approximately at right angles with the leg and with the torso. 
Measurement was made from pternion to acropodion. 


Foot length (cm.) of southeastern (Choctaw) Indians measured 1925 








AGE GROUP PERCENTILES 
Mean Range SEX N MEAN 25th 75th RANGE 
(yrs.) 
32 17 - 67 Males 33 26.3 25.5 27.2 24.2 - 29.8 
33 20 - 58 Females 17 23.8 wet aa 





The following year, Collins (1928) obtained foot length measure- 
ments on “additional adult Choctaw” living “in small farming com- 
munities . . . in east-central Mississippi” (p. 353). As in the previous 
paper, it was emphasized that the data were “not to be regarded as 
those of full-blooded Choctaw” (p. 355). Elaborating, Collins stated: 
“The extent of miscegenation taking place at the present time is 
negligible, and this is a condition which seems to have prevailed for a 
number of years past. The degree of purity of the Mississippi Choctaw, 
therefore, depends on the amount of White and Negro blood absorbed 
during the earlier stages of their contact with these peoples, the greater 
part of such admixture having probably been brought about during the 
century or a little more following about 1750 A. D.” (p. 353). In 
analysis, the 1925 and 1926 data were pooled. 


Foot length (cm.) of adult Choctaw Indians studied 1925-26 








SEX N MEAN RANGE 
Males 84 26.2 24.2 - 29.8 
Females 46 23.6 22.0 - 27.8 











gro 
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Compared with other Indian groups, these means are similar to those 
obtained by Hrdli¢ka on the Mohave and Pima. Compared with White 
groups, the male mean is identical with the means obtained by Gould 
on “Acadian French males of Canada”, Hrdlicka on Russian and Hun- 
garian immigrants, and Bowles on students at Harvard. 

Hrdlicka (1931) studied foot length on a small series of men of 
the “Yankton and Oglala” subdivisions of the Sioux (“more properly, 
Dakhota”) Indians. The subjects were “twenty normal individuals,” 
all adults, and “unquestionably full-bloods” (pp. 158, 128). They were 
examined at “the Fort Yates, Cheyenne River, and Pine Ridge re- 
servations, in North and South Dakota” (p. 128). 

The “maximum length” of the “left foot” was measured, “with the 
foot reposing lightly on a flat surface and the weight of the body thrown 
on the right foot” (p. 160). The determinations were made by the 
author, using his standardized broad-branched calipers and exercising 
“all due care” (p. 128). 


Foot length (cm.) on males of two subdivisions of the Dakhota or Sioux 





AGE N MEAN 





Over 21 yrs. 20 26.8 





The mean is identical with the mean reported by Hrdlicka on full-blood 
Negro “laborers and servants”, similar to Hrdlicka’s means for Maricopa 
and Yaqui Indians, 2.5 cm. higher than the Hrdlicka mean for Pueblo 
Indians, and 3.8 cm. higher than the Harris mean for Tuli (San Blas) 
Indians. 

Measurements of pes length were obtained by Steggerda (1932a) 
on 101 adult Maya Indians living in the north central part of the 
Yucatan peninsula. The subjects were “relatively pure Maya .. . from 
towns in the vicinity of Chichen Itza” (p. 2). It was estimated that 
none had more than “one-eighth to three-sixteenths White blood” (p. 
4). In a later publication (1941) Steggerda stated that the Mayas eat 
a predominantly carbohydrate diet, live under relatively poor condi- 
tions of housing and medical care, but have high standards of personal 
cleanliness. They are agricultural people whose vocational activities 
center around the cultivation (men) and preparation (women) of food. 
Average stature approximates 155 cm. for males and 143 cm. for fe- 
males. 
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For each subject an outline of the right pes was traced on a sheet 
of paper, and this tracing used to obtain “the maximum distance from 


the great toe to the heel” (pp. 10, 52). 


Foot length (cm.) on adult Maya Indians of Yucatan studied 1931 








AGE GROUP 

Mean Range SEX N MEAN S. D. V. 
(yrs.) 

30.6 15 - 60 Males 50 24.7 .93 38 

28.8 15 - 60 Females 5! 22.5 1.05 4-7 





Means similar in magnitude were obtained by Hrdlicka on samples 
from the Aztec and Tarasco tribes. 

Goldstein (1934) analyzed foot length measurements taken in 
1931 on 52 physically normal, non-decrepit adult Comanches, residing 
“on and near a government reservation in south-central Oklahoma” 
(p. 289). The sample comprised 14 full-blood males, 24 full-blood 
females, and 14 males considered probably full-blood. By “full- 
blood” was meant “a person with no other blood than that of his 
tribe as far back as he can remember, and as far as other, older, mem- 
bers of the tribe recall; this criterion must agree with the phvsical 
diagnosis based on character of hair, color of eyes and hair, Hrdli¢ka’s 
skin reaction, pigmentation, general appearance, etc.” (p. 291). Sub- 
jects were designated “probably full-blood” in instances where they “ap- 
peared full-blood, yet for one reason or another, the diagnosis could 
not be as certain as desirable” (p. 291). It was stated that the Comanches 
were “for the most part leading a sedentary, half-hearted agricultural 
existence. They were in immediate pre-reservation times a true and the 
southermost plains tribe, noted as daring and ruthless raiders, who 
followed and lived largely on the buffalo” (p. 289). 

Description of anthropometric technique was restricted to two 
statements; one indicating that the “methods followed” were “those 
indorsed by the International Agreement,” the other acknowledging 
Hrdlicka for “instructions in method” (p. 292). With specific reference 
to foot length, the latter statement appears the more applicable. Measure- 
ments were taken on the left foot, not on the right foot as 
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TABLE 22 


Foot length (cm.) of adult Comanche Indians measured 1931 





AGE GROUP ( APPROX.) 





SERIES Mean Range N MEAN RANGE 
(yrs.) 
Full-blood : 
Males 56.8 26 - 76 14 26.0 23.2 - 27.8 
Females 52.0 28 - 70 24 24.1 22.5 - 25.9 
Probably full-blood : 
Males 48.4 25 - 61 14 26.2 25.0 - 28.5 





recommended in the Geneva Agreement. Probably they were made 
directly on the foot in the manner adopted by Hrdlicka, not on a “con- 
tour of the foot” traced as stipulated in the Geneva Agreement. “Several 
instances were noted where the second toe of the foot was distinctly 
longer than the first or big toe” (p. 299). 

The female mean (see Table 22) is larger than the means from all 
other groups of female Indians except the Maricopa (Hrdlicka, 1935). 
The male means practically coincide with the mean on Chotaw males, 
(Collins, 1928) and are exceeded only by the Hrdlicka (1931, 35) 
means for males of the Maricopa, Dakhota and Yaqui tribes. 

Ten investigations on Indian adults residing in North and Central 
America have been reviewed. The materials which they afford may now 
be synthesized and compared with findings for White and Negro adults. 

1. Foot length data have been accumulated on Indians of twenty- 
four different groups or tribes. With almost all these groups the 
anthropometric technique was that advocated by Hrdlicka (i.e. after 
the subject had raised his left foot and placed it on a stool or bench, 
measurement was made of its maximum length from pternion to 
acropodion ). 

2. Different groups of American Indians have been found to dif- 
fer markedly in foot length. For males, means less than 9.5 inches have 
been reported on the Tuli and Choco Indians of Central America, and 
means above 10.5 inches on North American Indians of the Yaqui tribe 
and of the “Yankton and Oglala” subdivisions of the Dakhota (Sioux). 
For females, the lowest mean is 8.3 inches on a sample of Tuli, the 
highest 9.6 inches on a sample of Maricopa. These differences between 
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tribes are fully as great as the sex differences within tribes. The Mari- 
copa mean for females exceeds the Tuli and Choco means for males, 
while the means are identical on Cuna males and Comanche females. 

3. By combining all of the data for foot length on Indian adults 
(including those from Steggerda on Navaho females of college age), 
it is possible to compute general or composite means based upon 1,087 
male records and 663 female records. When these computations are 
made, and the results placed in juxtaposition with the general means on 
White and Negro adults, the following progressions accrue: For males, 
9.9 inches on Indians, 10.3 inches on Whites and 10.7 inches on Negroes; 
for females, 9.0 inches on Indians, 9.3 inches on Whites and 9.7 inches 
on Negroes. 

4. Figures relating to variability in foot length are available on 
nine groups of Indian males and eight groups of Indian females. For 
four groups of each, only the minimum and maximum values are pre- 
sented. On an additional four groups of males and two of females these 
extreme values are supplemented with the 25th and 75th percentiles. 
For the remaining two samples of females and one of males standard 
deviations are afforded. The standard deviations (Maya and Navaho 
samples) approximate 0.4 inch, the interquartile distances 0.6 inch. 
Differences between the minimum and maximum values vary from 1.1 
inches on a series of nine Cuna females to 2.6 inches on twelve Sumu 
males. 


SUMMARY 


This paper is intended to contribute to three facets of scientific 
knowledge of particular interest to human biologists. In question 
form, these facets may be characterized as follows: 

1. What is the typical course of growth in human foot length dur- 
ing ontogeny? How widely separated are the limits of normal dispersion 
at successive ages? 

2. At what ages, and by how much, does the foot length of males 
exceed that of females? To what extent are there differences in foot 
length associated with racial, secular, cultural, or other variables? 

3. Does the pattern of growth in foot length differ appreciably 
from individual to individual? Are there greater individual variations 
in rate of growth during some age periods than during others? 

An attempt is made to assemble all of the information on human 
foot length for inhabitants of North and Central America currently 
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accessible. Materials from upwards of sixty investigations are brought 
together and subjected to review, collation, and synthesis. Included 
among these materials are data from seven previously unpublished 
studies. 


Careful consideration is given to experimental procedure. In pre- 
senting each study, no greater attention is placed upon depicting the re- 
sults than upon describing the sample, indicating the criteria used in 
selection and rejection of subjects, noting the manner in which the lower 
extremities were oriented, specifying whether the right or left foot was 
measured, designating the landmarks employed, stipulating the composi- 
tion of subgroups, and showing the scope of analysis and the statistical 
media employed to represent the data. 


Selected findings are: 


1. The human foot becomes macroscopically identifiable between 
five and six weeks following fertilization. By eight weeks there are in- 
dividual toes, the contour of the heel is indicated, and the distance from 
acropodion to pternion approximates 0.2 inch. Approximate means at 
later prenatal ages are 0.6 inch at three months, 2.0 inches at six months 
and, at nine months or “term”, 3.2 inches for males and 3.1 inches for 
females. 

2. Over the first two decades of postnatal life the foot length of 
the typical White male (total available data on inhabitants of North 
America) increases from 3.2 inches to 10.3 inches. Typical values for 
intermediate ages are 4.0 inches at six months, 5.1 inches at eighteen 
months, 6.0 inches at three years, 7.1 inches at six years, 8.5 inches 
at ten years and 10.0 inches at sixteen years. The female values are 
lower by about one-tenth of an inch throughout the first decade, and 
by one inch at the close of the second decade. 

3. In general, the mean curve for foot length registers a slowing 
rate of growth from early fetal life to early adulthood. The decrease 
in growth rate is most rapid in the young fetus and tends to slacken 
more and more gradually with advancing age. This may be illustrated 
by a listing of the increasing amounts of time taken for the foot to 
double its length. Foot length doubles during the fourth prenatal 
month (one month), during the period from three months before birth 
to six months after birth (nine months), during the first four post- 
natal years (four years), between the middle of the first postnatal 
year and nine years (over eight years) and, for males, between the 
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middle of the second postnatal year and eighteen years (over sixteen 
years). 

4. While the average female has shorter feet than the average 
male, at all ages from infancy to adolescence the female is nearer 
adult status than is the male. This follows since the sex difference in 
mean foot length is considerably greater in adulthood than during 
earlier ontogenetic periods. At birth, White females have attained 
approximately 34 per cent of their foot length at maturity, White 
males 31 per cent. At ten years of age the percentages reached are 
go for females and 82 for males. 

5. At no early fetal age have individual differences in foot length 
been shown to exceed one-half inch, and at no age during the first post- 
natal year do they exceed one inch. Specific for sex and for White 
subjects, the normal range approximates two inches by the close of the 
first decade and three inches in adulthood. At all ages, variability tends 
to be slightly higher for males than for females. 

6. Means derived from large series of data show the foot to be 
longer on White students attending North American colleges in recent 
years than on those in attendance half a century ago. The means for 
females are 9.2 inches covering the period 1880-1910 and 9.4 inches 
over the period 1920-40. Parallel averages for males are 10.2 inches 
and 10.4 inches. 

7. On the whole, mean foot length in adulthood is highest for 
Negroes, intermediate for Whites and lowest for American Indians. 
Explicitly, the composite values from data on living, non-senile sub- 
jects are 10.7 inches, 10.3 inches and 9.9 inches for males, and 9.7 
inches, 9.3 inches and 9.0 inches for females. The means of different 
component groups vary between 10.8 inches and 10.5 inches for Negro 
males, 10.5 inches and 10.1 inches for White males, 10.6 inches and 9.1 
inches for Indian males, 10.0 inches and 9.6 inches for Negro females, 
9.5 inches and 9.0 inches for White females, and 9.6 inches and 8.3 
inches for Indian females. The dispersion of the Indian means contrasts 
sharply with the comparative homogeneity of the means on Whites and 
on Negroes. This contrast is apparently related to the “relatively close 
inbreeding” of certain Indian tribes and the greater heterogeneity of 
all the White and Negro samples. 

8. The largest record for adult foot length is 12.4 inches on a 
Negro male, the smallest 7.6 inches on a Tuli female. The maximum 
female record is 10.9 inches on a Choctaw Indian, the minimum male 
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record 8.1 inches on a Sumu Indian. Other extreme values are maxima 
of 11.9 inches for White males and 11.7 inches for Indian males 
(Choctaw) and minima of 8.5 inches for White males and 9.3 inches 
for Negro males. 
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tent oy timing of the chanises in dental pathology from Neolithic to 
modern times in a single area, Greece, where the writer did field work 
in Physical Anthropology’ just before the War. The evidence closely 
supports the hypotheses reached by Krogman? in his excellent discus- 
sion of the various factors influencing the appearance of caries in anci- 
ent, primitive, and civilized modern groups. 

Tables 1, 3, and 4 give a general picture of the occurrence of dental 
pathology at various periods. The tables show that the ancient Greeks 
did not escape dental decay, but that it was not until the Middle Ages, 
several millennia after the growth of civilized urban life, that a note- 
worthy increase in poor dentitions occurred. 

Data for ancient times are based on skulls of both sexes, and per- 
centage frequencies of caries, loss ante mortem, and alveolar abscesses 
are based only on complete crania. For other observations and especial- 
ly for frequencies of pathology relative to the total number of teeth 
all skulls have been used including those lacking mandibles or palates. 

The average ancient Greek had teeth of good quality* with a medium 


* The project was supported by travelling fellowships from Harvard, and was 
carried out through the help of Dr. E. A. Hooton and Dr. G. H. Chase and under 
the auspices of the directors of the American School for Classical Studies and of 
various American archaeological expeditions. The writer wishes to thank all of 
these individuals as well as the many Greek archaeologists, anthropologists, and 
officials who helped him. 

> W. M. Krogman, 1938; see especially pp. 61-7¢c. 

* Teeth quality percentage frequencies: Poor, 2.67; Medium, 19.08; Good, 
47.71; Excellent, 30.54; for 262 skulls. Quality is judged independently from 
caries frequency. 
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degree of wear (considerably more than modern Americans), definite 
traces of pyorrhea, not more than one alveolar abscess (generally 
periapical) of medium size, about three teeth missing, less than three 
of the remaining teeth definitely carious, and almost no crowding of 
teeth. Less than half of the ancient Greeks kept all their teeth until 
death or escaped alveolar abscesses, scarcely more than half escaped 
caries, and only a quarter escaped all three of these afflictions. The gen- 
eral statements of Ruffer on Egypt* and comparison with the various 
ancient groups cited by Krogman® suggest that the Greeks suffered from 
dental disease to about the same degree as other peoples of antiquity: 
considerably more than is generally assumed and somewhat more than 
primitive groups without civilized contact. Nevertheless the 17 per 
cent incidence of diseased teeth among ancicnt Greeks is less than half 
of that in modern urban groups, and slightly less than that among 
medieval Irish monks representing non-urban northwest Europeans 
(Table 3). 

In morphology the ancient Greeks are notable for suppression of 
one or more third molars (generally all four) in as much as one fifth 
of the population. This certainly anticipates modern molar reduction, 
and the Greeks show also size reduction of third molars to three and 
four cusps for upper and lower respectively. Considerable spatulation 
of the upper incisors occurs in one fifth of cases, though never reaching 
the extreme shovel form characteristic of mongoloids.® 

The average ancient Greek shows the following structural mouth 
features which may be of interest in relation to dental pathology: a 
broad and relatively shallow jaw with well-marked insertion rugocsities 
for internal pterygoid and masseter muscles, broad jowls, definite though 
not protrusive chin, relatively broad parabolic palate, deep glenoid fossa 
with relatively steep slope up the articular eminence, and an occlusion 
pattern showing either an edge-to-edge bite or a slight overbite wearing 
toward 2n edge bite; real overbites, such as are typical of modern civilized 
dentitions, are not common.? 

The contrast of modern with ancient Greek dentitions elaborated 
in Tables 1 and 2 is the most striking of any of the available chronological 


* Ruffer, 1920. 

* Krogman, 1938, pp. 52-54, Table 9. 

* Percentage frequencies of shovel incisor development: Undeveloped, 34.58; 
Slight, 43.93; Medium, 21.49; Pronounced, 0; for 107 skulls. 


* J. L. Angel, 1942, Table 1; 1944, Table 2. 
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e TABLE 1 
y Contrast in dental pathology between the ancient and modern inhabitants 
e of Greece 
f 
il CHARACTER ANCIENT Mopern MALEs 
d 3300 B. C. 
i - 1300 A. D. Central Greece Chalcidice, Macedonia 
- (both sexes) (urban and rural) (entirely rural) 
n ‘ 
s Teeth eruption 
: Complete 71.58 83.78 100.00 
n M 3 suppressed 20.50 10.81 0 
Tr Incomplete 7.92 5.41 o 
if Individuals studied 278 37 24 
g Degree of teeth wear 
1S None to slight 33.33 43-24 8.53 
Medium 41.48 43-24 20.83 
Pronounced 22.96 13.52 70.84 
df Extreme 2.23 o o 
h Individuals studied 270 37 24 
M Caries frequency (complete 
id crania only) * 
mn None 54.93 II.II 4.17 
ig Few (1 - 4) 42.96 50.00 25.00 
Medium (5 - 8) 2.11 33-33 58.33 
Many (9 - 16) 0 5.56 8.33 
Very many (17 - x) o o 4.17 
a Individuals studied 142 36 24 
" Loss before death (crania) 
h None 41.72 21.62 25.00 
a Few (1 - 4) 31.79 29.732 16.67 
yn Medium (5 - 8) 12.58 21.62 16.67 
ig Many (9 - 16) 7.29 18.92 29.16 
d Very many (17 - x) 6.62 8.11 12.50 
, Individuals available 151 37 24 
d Alveolar abscess presence 46.21 (67 ??) (69 ??) 
al Individuals studied 145 estimate estimate 
Individuals lacking all 
dental pathology 25.00 2.70 4.17 
Individuals studied 140 37 24 
8; 


* Standards of comparison for crania and living not identical, since on the 





average eight teeth have been lost post mortem from each cranium. 
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TABLE 2 
Contrast in masticatory morphology between ancient and modern inhabitants 
of Greece 
CHARACIER ANCIENT Mopern MALES 
3300 B. C. 


- 1300 A. D. Central Greece Chalcidice, Macedonia 
(both sexes) (urban and rural) (entirely rural) 





Definite crowding of teeth 9.06 13.51 0 
Individuals studied 265 37 23 
Type of occlusion 
Underbite o o 4.35 
Edge-to-edge bite 37-34 13.89 34.78 
Overbite (sl. & full) 62.66 86.11 60.87 
Individuals studied 158 36 23 
Chin projection* 
Negative to small 63.69 29.73 29.17 
Medium 31.84 62.16 62.50 
Marked 4-47 8.11 8.33 
Individuals studied 179 37 24 





* Standards of comparison for skeleton and fleshy chin probably not identical. 


comparisons. Of the two small series of living Greek males the Macedon- 
ian one comes from an entirely rural farming population which under- 
went many privations during the first War, and hence is not strictly 
comparable with the predominantly urban ancient series. In age and in 
environmental background the Central Greek group® is more like the 
ancient series than are the Macedonians. 

As seen in Tables 1, 2, and 4 modern Greeks contrast with their 
ancestors in showing less teeth wear (except for the rural Macedonians), 
a double incidence of caries and teeth loss, mure overbites with slightly 
more crowding (except Macedonians) and more projecting chins : dental 
deterioration accompanied by a weaker occlusion type. 

As seen in Tables 3 and 4 there are no ancient trends toward this 
recent deterioration. But the tables show at least four interesting changes 
in dental pathology. 


* From Doris and Phocis, Boeotia and Megaris, Attica, Corinth, Peloponnese, 
and Ionian islands. 
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(1) It is surprising that the entirely rural pre-Greek farming, 
hunting, and sea-fishing population of the third millennium B. C. should 
show higher caries frequency than Greeks as a whole. It is conceivable 
that because of younger age at death a certain percentage of teeth which 
would have fallen out in later times remained merely carious. But 
osteoporotic pitting of orbital roofs and sometimes of parietals and 
occipital occurs in about one fifth of Early Helladic skulls, not recurring 
until Medieval times. And it is possible that dietary insufficiencies af- 
fected also the teeth of these first farmers in Greece. 

(2) Cephallenians of Submycenaean date show excessive dental 
pathology which might be linked with their insular inbreeding.® But the 
excess of diseased teeth occurs entirely in a few old or middle-aged 
males who overweight the small sample since they are more complete 
than the bulk of younger skulls. Cephallenian teeth are good in quality 
and probably little more diseased than in contemporaneous and slightly 
later Early Iron Age’® populations of Central Greece. 

(3) As seen most clearly in Table 4 a rise in dental pathology 
accompanies increasing “urbanisation” from 2000 B. C. through the 
confused and vigorous Early Iron Age.’ But there is an apparent 
decrease in pathology during Classical and Roman periods of complete 
urbanization in spite of an increase in age at death. In fact the fre- 
quency of individuals with perfect dentitions increases at this time 
(Table 3). This should effectively contradict the idea that urban 
civilization by itself is responsible in some mysterious way for dental 
decay.!? 

(4) Dental pathology in Byzantine times scarcely anticipates at 
all the deterioration occurring after 1300 A. D. In the data quoted in 
Table 4 Dr. A. Krikos™ apparently exaggerates caries frequency prob- 


ably (as a dentist) considering carious those teeth which would have 


* J. L. Angel, 1943, p. 251. 

* Submycenaean, Protogeometric, and Geometric periods combined. 

* This might also tend to confirm Vallois’ guess that use of new metals favors 
production of dental decay. H. V. Vallois, 1939. 

* As Krogman also concludes. W. M. Krogman, 1938, pp. 69-70, 63. 

* A. Krikos, 1935. This Greek investigator was the first to lament the poor 
condition of dentitions in modern Greece, pointing out an apparently definite trend 
in this direction in late Byzantine times climaxing a very slight increase in caries 
during ancient times as a whole. The present writer fails to confirm this last 
finding of Krikos, made on less material than available in 1938. 
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needed preventive filling as well as those with manifest caries. But it 
is still possible, as the Macedonian series might suggest, that dental 
pathology during the period of Turkish occupation exceeded that in 
modern Greece. 

In contrast to the minor fluctuations in pathology, mechanical de- 
tails of the masticatory apparatus do show some valid trends during 
ancient times anticipating modern masticatory reduction. A tendency 
toward increasingly definite overbitcs especially during the historic 
period shows a coefficient of mean square contingency ( C ) with period 
of .33, though ,? is not quite significant. Steepening of the slope of the 
articular eminence accompanies this change (C = .20), and is constant 
from Neolithic to Byzantine times though not satistically significant. 
Increasing shallowing and projection of chin occurs during historic 
times, the former being significant’* and the latter showing a C with 
period of .33, though not significant. Possible tendencies occur toward 
cusp reduction and especially suppression of third molars. And a 
chronological increase in teeth crowding is possible. 

These minor trends probably result as a group from a gradually 
increasing use of a “civilized’’ diet lacking tough foods more than from 
genetic recombinations (“evolutionary forces”). And since these in- 
cipient changes appear to form a complex of masticatory (not dental) 
weakening or reduction a tempting explanatory hypothesis presents it- 
self. Increasing urbanization can hardly be the cause of dental deteriora- 
tion during the Turkish occupation. Perhaps masticatory reduction is 
a cause.*® 

This hypothesis is worth testing by inquiring how far in the ancient 
material dental pathology is associated with the details of mouth con- 
struction mentioned above. Jaw and palate morphology and also resist- 
ance to dental disease’® depend largely or partially on heredity. Con- 
siderable genetic (racial) changes took place in Greece during the poor- 
ly known interval from 1300 A. D. to the present day, continuing the 
directions of change already well established in ancient times.’* Hence 
the associations with race must also be tested for tooth pathology and 
for the above hypothesis. 


* J. L. Angel, 1944, Table 8. 
* As well as the obvious deterioration in hygienic living conditions which 
was already in progress in Byzantine times. 


* C. E. Keeler, 1935. 
* J. L. Angel, 1944. 
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Type of occlusion, or “bite,” serves as the key to classification of 
individual variants in use of jaws and teeth. Observation of wear of 
teeth surfaces and of mouth action of primitive people or others with 
edge bites makes clear that an edge bite tends to go with a rotary and 
relatively horizontal jaw motion. Among civilized peoples a definite 
overbite accompanies a more vertical jaw motion with diagonal rather 
than lateral side excursions limited by the degree of incisor and canine 
overlap. Slight overbites appear intermediate. It is at once obvious that 
type of bite may change with age, individuals with slight overbites in 
youth acquiring edge bites as their teeth wear down or especially with 
a “civilized” diet without tough food developing rapidly a marked de- 
gree of overbite which will inhibit teeth wear and vigorous mastication. 
These tendencies are suggested by a multiple association table of teeth 
wear, bite, age at death, and articular eminence slope. Hence bite shows 
a significant and strong association with teeth wear (C = .43) since 
only with a functional edge bite and mainly lateral chewing motion is 
any great degree of wear possible.** The obvious linkage of teeth wear 
with age (C = .51) probably determines the association of bite with 
age (C = .35, on borderline of significance), since individuals with 
marked overbites and the accompanying slight teeth wear, whose excess 
would eliminate this association, are rare at all ages among ancient 
Greeks. 

Since steepness of slope of articular eminence of the jaw joint must 
be closely linked functionally with chewing, its definite steepening with 
age (C = .26, ,’ significant), with teeth loss (C = .32, x? on border- 
line of significance), and with teeth wear (C = .29, ” probably signi- 
ficant) is natural and actually less clearcut than expected. Logically, 
development of an edge bite (with increasing age and wear and loss of 
teeth) should go with steepening of the path of the mandibular condyle. 
But this association does not exist (C = .15, x” not significant), probably 
because steepening of articular eminence slope occurs both with edge 
bite development and with definite overbites, plausibly depending on the 
changed plane of chewing and changed external pterygoid muscle action 
which must accompany any decrease in distance between the anterior 
alveolar borders no matter what its cause. 

Except for those directly dependent on age no further associations 
of masticatory or dental traits with bite are demonstrable. Linkage be- 








** Note the cross contrasts in bite and wear between modern Central Greeks 
and rural Macedonians. 
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tween bite and teeth quality (C = .32, x? significant) in which medium 
and poor quality teeth group with edge bites, is an obvious age effect. 
Parallel tendencies in teeth loss and caries are not significant. 

Thus although the mechanical factors studied and dental pathologies 
show complicated associations with each other these obviously depend 
on age and teeth wear,’® since the only strong associations are with these 
two variables. In this connection the lack of association between bite 
and articular eminence slope, teeth loss, and caries is striking. Is it 
possible that elimination of the age change factor would reveal an op- 
posite association, between overbites with restricted jaw motion, steep 
articular eminence, and increased dental decay?®° This question can- 
not be answered from present data, and among ancient Greeks dental 
pathology must be considered statistically independent of mechanical 
factors. 

A similar lack of simple trends marks the statistically significant 
mechanical and morphological dental characters in each of the six 
morphological types determined for the heterogeneous ancient Greeks 
as representing the chief “racial” deviations from the average stereo- 
type. In the rugged, long-headed, and coarse-faced Basic White type 
a lack of pyorrhea and unreduced lower third molars go with strong 
chin, large U palate form and rugged jaw beneath short upper face. 
In the delicate Mediterranean with its steep forehead and pinched face 
an overbite goes with the expected slight teeth wear, weak and small 
jaws, and shallow and pointed chin. In the horse-faced Nordic-Iranian 
long-heads reduction of upper third molars illogically accompanies a 
steep articular eminence slope (with strong postglenoid process) and 
sharply etched insertions of masseter and internal pterygoid muscles 
which help move the large and broad-jowled jaw under the long and 
high palate. Reduction in caries and teeth loss, improved teeth quality, 
relatively slight articular eminence slope, and medium crowding occur 


” The writer is aware of the impossibility of deducing causes from correla- 
tions alone and bases conclusions on common sense as much as the uniformly low 
coefficients of mean square contingency. 

* The 24 ancient Greek crania with fully developed overbites show steep 
articular eminence slopes despite their relative youth which in turn appears to de- 
termine their relatively good teeth. But in a population with overbite dominance 
and non-stimulating diet it seems possible that weakening of the chewing mechanism 
might predispose to caries and loss, in contrast to these 24 crania. Compare W. M. 
Krogman, 1938, p. 63. 

= J. L. Angel, 1942, Table 1; 1943, pp. 232-234; 1044, Tables 3-4. 
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together in the Dinaric-Mediterranean hexagonal-faced mesocephalic 
type with its high face, high palate, and significantly younger than aver- 
age age at death. The mesocephalic Mixed Alpine type shows no dental 
peculiarities. But in the round-headed, squat-faced, thick-nosed Alpines 
occurs an edge bite with marked teeth wear. poorer than average teeth 
quality, more loss, lack of shovel incisors, prominent chin, and short 
and low palate with retracted alveolar borders and wide facial archi- 
tecture, but with only a slight and statistically insignificant increase in 
age at death over that of the total series. Poorness of Alpine teeth ob- 
viously centres on their excess wear, probably related to genes (if at all) 
through their facial structure rather than directiy. 

It is notable that excess dental pathology is not here linked with the 
weak-jawed Mediterranean type as might be expected but with the 
wide-mouthed Alpine type. Since the general trend in Greece from the 
third millennium B. C. onward has been in an Alpine direction (though 
with considerable Dinaric tendencies after the Classic period) it is just 
possible that genetic (racial) factors may play a role, extremely limited, 
in increase of dental decay after 1300 A. D. This is uncertain because 
of the obvious artificial fixity of any “type.” Dental pathology in ancient 
Greece is not influenced by race mixture,”* since the phases of striking 
racial heterogeneity, Middle Bronze, Early Iron, and Roman-Byzantine 
periods,** show no uniformity in disease frequency. Hence the im- 
portance of heredity in dental deterioration appears restricted. 

Similarly the development of a weak masticatory apparatus with 
marked overbite can play only a minor role in determining the late 
Medieval dental deterioration, since the testing of this hypothesis was 
inconclusive and the racial evidence just covered does not support it. 

Extrinsic factors, therefore, must be almost entirely responsible for 
the rise in dental pathology in Greece. Urbanization per se has been 
shown above to improve rather than to destroy the dentition. And it is 
therefore in those peripheral features of urban civilization which occur in 
Medieval Greece but not in Classical or Roman times that the major 
causes for dental decay must lie. Population overcrowding may be the 
key, since, although the Byzantine population had shrunk since Classical 
times, the modern population of Greece is almost triple that of Classical 


* W. M. Krogman, 1938, p. 66, agrees with this from other data. 
* J. L. Angel, 1944, Tables 8-0. 
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times.** Certainly the effects of deforestation, erosion, soil impover- 
ishment, and generally less hygienic living conditions on diet and espec- 
ially on its vitamin and mineral salt content?® must be major factors. 
But with present data it is impossible to work out the interrelationships 
of these environmental features with dental decay in such a way as 
to test this conclusively. Although living conditions during the later 
Middle Ages in Greece and elsewhere were certainly worse than in 
Classical times there is no evidence that modern Greeks (except for 
Macedonians) in 1939 were receiving a less adequate diet than Classical 
Greeks. One is tempted to infer that increase in the actual organisms 
of decay, possibly coupled with a great increase in sugar content of the 
diet, are the chief direct causes of the modern Greek dental deterioration, 
together with the very minor racial and mechanical factors and against 
a background of overcrowding and soil impoverishment. Both poor 
environmental conditions and the racial and mechanical factors consid- 
ered had been in operation for many generations before the marked in- 
crease in dental pathology. 


SUMMARY 


(1) Ancient Greeks, with 17 per cent of all teeth affected by 
decay and only 25 per cent of the population exempt from it, enjoyed 
the popularly supposed immunity from dental disease no more than other 
peoples of antiquity, but had better teeth than modern civilized peoples. 

(2) A slight trend toward poor teeth from 2000 to about 600 
B. C. cannot be connected with urban civilization’s rise since teeth im- 
proved under full urban conditions of Classical and Roman times 
and marked deterioration does not occur until! after 1300 A. D. 

(3) Relatively good teeth in ancient Greece accompany vigorous 
chewing mechanisms and poor modern teeth occur with frequent definite 
overbites, slightly more crowding, and more projecting chins. 

(4) Among ancient Greeks no association between definite over- 
bites and decayed teeth is demonstrable: teeth wear and age processes 
dominate both dental decay and chewing mechanism changes. 

(5) Genetic (racial) factors possibly play a part, strictly limited, 
in the incidence of dental decay: the Alpine type shows relatively poor 
teeth, with excess of loss, wear, and edge bites. 


* H. Michell, 1940, p. 10. 
* E. Huntington, 1910, pp. 666, 668, 672. 
* W. M. Krogman, 1938 pp. 61-62. 
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(6) Since mechanical and racial factors can play only extremely 
insignificant parts in increase of dental pathology this must result from 
changing environment, both social (overcrowding) and dietary (soil 
exhaustion, excess sugar). 

(7) There is marked lag between the appearance of these en- 
vironmental, mechanical, and racial factors and the eruption of late 
medieval and modern dental deterioraticn. 
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[Bibliographic footnotes throughout. ] 

Howe tt, A. Brazer. Speed in Animals—Their Specialization for Running and 
Leaping. Chicago (Univ. Chicago Press), 1944. Pp. xii + 270. 9 X 6 inches. 
$4.00. [“Literature Cited” of 5% pages.] 


2. Human Evolution 


Huxtey, Juuian S. Evolutionary Ethics. New York (Oxford Univ. Press), 
1943. Pp. 84. 6% X 4% inches. 75 cents (paper). [Bibliographic notes of 
14 pages.] 

Wemwenreicu, Franz. Giant early man from Java and South China. Science, 99: 
479-482, 1944. 


3. Prehistory and Archaeology 


Kroreser, A. L. Peruvian Archeology in 1942. Viking Fund Publications in An- 
thropology Number Four. New York (The Viking Fund), 1944. Pp. 151 + 
48 plates. 10 X 6% inches. $3.00 (paper). [Bibliography of 2 pages.] 

Meyerowrtz, Eva L. R. Ibeji statuettes from Yoruba, Nigeria. Man, 44: 105-107 
+ 1 plate, 1944. [6 bibliographic footnotes.] 

YaLe PusBLicaTions In ANTHROPOLOGY. Containing the following papers: No. 30. 
Archeological Regions of Colur‘ia: A Ceramic Survey, by Wennett C. 
Bennett. Pp. 120 + 12 plates. No. 31. Excavations in the Vicinity of Cali, 
Columbia, by James A. Forp. Pp. 79 + 4 plates. 934 X 7 inches. Bound 
under one cover and sold as a unit for $2.50 (paper). 
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4. Genetics—General Principles 


Encarp, Caartes J. Organogenesis in Rubus. University of Hawaii Research 
Publication No. 21. Honolulu (Univ. of Hawaii), 1944. Pp. xvi + 234.9 X 
6 inches. [Bibliography of 8 pages.] 

Ruippie, Oscar, and W. F. Hottanper. “Scraggly” plumage and ataxia: two in- 
herited characters in the pigeon. J. Hered., 34: 167-171, 1943. [Bibliography 
of 8 titles.] 

ScHRADER, FRANz. Mitosis. The Movements of Chromosomes in Cell Division. 
New York (Columbia Univ. Press), 1944. Pp. 110. 9 X 6 inches. $2.00. 
[Biliography of 18 pages.] 


5. Human Heredity 


Atiten, Wiiuiam, and C. Nasu Hernpon. Ritinitis pigmentosa and apparently 
sex-linked idiocy in a single sibship. J. Hered., 35: 41-43 + 1 figure, 1944. 
{Bibliography of 5 titles.] 

KALLMAN, Franz J., and Davip Reisner. Twin studies on genetic variations in 
resistance to tuberculosis. J. Hered., 34: 269-301, 1943. [Bibliography of 31 
titles. ] 

KALLMAN, Franz J.. Wiuttram A. ScHOENFELD, and S. Evcene Barrera. The 

genetic aspects of primary eunuchoidism. Am. J. Ment. Defic., 48: 203-236, 1944. 
[Bibliography of 48 titles.] 


6. Eugenics 
[Vacant] 


II. GROUP BIOLOGY 
1. Environment of Man 


AmericAn Witpuire Institute. The Wolves of North America. Part I. Their 
History, Life Habits, Economic Status, and Control, by Stanty P. Youns. 
Part II. Classification of Wolves, by Epwarp A. Gotpman. Washington, 
D.C. (Am. Wildlife Inst.), 19044. Pp. xx + 636. 954 X 6 inches. $6.00. 
[“References and Selected Bibliography” of 80 pages.] 

Bates, Marston. Observations on the distribution of diurnal mosquitoes in a 
tropical forest. Ecology, 25: 159-170, 1944. [Bibliography of 15 titles.] 

BowERMAN, Mary L. The Flowering Plants and Ferns of Mount Diablo, Cali- 
fornia: Their Distribution and Association into Plant Communities. Berkeley 
(Gillick Press), 1944. Pp. viii + 290. $3.75. [“Literature Cited” of 6 pages.] 

Cootey, R. A., and Gren M. Kouts. The Argasidae of North America, Central 
America and Cuba. The Am. Midland Naturalist, Monograph No. 1. Notre 
Dame, Indiana (The University Press), 1944. Pp. 152. 9% X 6 inches. 
$2.00. [Bibliography of 5 pages.] 

Evans, H. Mum. Sting-fish and Seafarer. London (Faber and Faber), 1943. 
Pp. 180. 9 X 5% inches. 15s. 

GrawaAM, VERNE Ovip. Mushrooms of the Great Lakes Region. The Fleshy, 
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Leathery, and Woody Fungi of Illinois, Indiana, Ohio, and the Southern Half 
of Wisconsin and of Michigan. Chicago Academy of Sciences Special Publi- 
cation No. 5. Chicago. Pp. viii + 390 + 49 plates. 9% X 6-3/5 inches. 
$4.10 (paper). 

Gricson, Georrrey. Wild Flowers in Britain. London (William Collins), 1944. 
Pp. 48 + 12 colored plates. 834 X 6% inches. 4s 6d. 

Hacetstetn, Rozert. The Mycetozoa of North America Based upon the Speci- 
mens in the Herbarium of the New York Botanical Garden. Mineola, N.Y. 
(Robert Hagelstein), 1944. Pp. 306 + 16 plates. $6.00. 

Harrnack, Huco. Unbidden House Guests. Tacoma, Wash. (Hartnack Publ. 
Co.), 1943. Pp. 560 (?). 9 X 6 inches. $12.00. 

Lang, J., and L. Wurrman. Novas espécies de culex do Brasil (Diptera, Culicidae). 
Rev. de Entomologia, 14: 389-408, 1943. [Bibliography of 8 titles.] 

LunpbeLt, Cyrus Loncwortn, and Collaborators. Flora of Texas. Vol. 3, Pt. 2. 
Anacordiaceae, by Frep A. Barkiey; Cyrillaceae, Aquifoliaceae, by Cyrus 
Loncworta Lunpet_; Convolvulaceae, genus Cuscuta, by Truman G, 
Yuncxer. Dallas (Southern Methodist Univ. Press), 1043. Pp. 89-150. 
10% X 7 inches. $1.50 (paper). 

Lunpe.t, Cyrus Loncworts, and Collaborators. Flora of Texas. Vol. 3, Pt. 3. 
Orchidaceae, by Donovan S. Corrett. Dallas (Southern Methodist Univ. 
Press), 1944. Pp. 151-196 + 34 plates. 10% X 7 inches. $3.00 (paper). 

Morris, Percy A. They Hop and Crawl. Lancaster (Jaques Cattell Press), 1944. 
Pp. ix + 253. 9-1/9 X 6 inches. $3.50. 

WaksMAN, SELMAN A., H. Scuutnorr, C. A. Hickman, T. C. Gorpon, and S. C. 
Stevens. The Peats of New Jersey and Their Utilization. Dept. Conserva- 
tion and Development, State of New Jersey in cooperation with New Jersey 


Agricultural Experiment Station, Rutgers Univ. Bull. 55-Pt. B, Geologic 
Series. Trenton, 1943. Pp. 278. 9 X 6 inches (paper). [Bibliography of 110 
titles. ] 


2. Public Health and Hygiene 


Bevier, Georce. Some international aspects of yellow fever control. Brit. Guiana 
Med. Ann., 1943. Pp. (of reprint) 21. [Bibliography of 26 titles.] 

Burnett, R. Wit. To Live in Health. New York (Duell, Sloan and Pearce), 
1944, Pp. vii + 332. 9% X 6% inches. $2.75. [List of “Further Readings” 
of 6% pages.] 

CAMERON, THoMAS W.M. The Parasites of Man in Temperate Climates. Toronto 
(Univ. of Toronto Press), 1942. Pp. xi + 182. 9 X 6 inches. $3.00. 
[Bibliography of 2 pages.] 

Carter, H. R. Malaria—Lessons on Its Cause and Prevention for Use in Schools. 
Pub. Health Rep., Supplement No. 18. Rev. by L. I. Williams, Jr., Washing- 
ton (Govt. Printing Office), June 28, 1943. Pp. 23. 9% X 5% inches. 
10 cents (paper). 

Cuore, Harotp D. The case method in teaching public health administration. 
Am. J. Pub. Health, 34: 605-610, 1944. [Bibliography of 3 titles.] 

Correy, E. R. Planning for health education in the war and post-war periods— 
the national program. Pub. Health Rep., 59: 897-004, 1944. 
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Herms, WriuraM B., and Harotp F. Gray. Mosquito Control: Practical Methods 
for Abatement of Disease Vectors and Pests. 2d ed., revised and enlarged. 
New York (Commonwealth Fund), 1944. Pp. xiv + 419. 9% X 6% inches. 
$3.50. [Bibliography for each chapter.] 

Knipe, Frep W. Agricultural engineers in malaria research and control. Agri- 
cultural Engineering, 25: 217-219, 1944. 

MustAarp, Harry S. An Introduction to Public Health. 2d ed. New York (Mac- 
millan Co.), 1944. Pp. 283. 8-3/5 X 5% inches. $3.25. [“References” for 
each chapter. ] 

Orr, Sir Joun Boyp, and Frank Wetts. Housing and Health. Design for Britain 

(Second Series). London (J. M. Dent and Sons, Ltd.), 1944. Pp. 31. 8% X 
5% inches. 6d. 

Sawyer, Wiisur A. International health. Bull. N.Y. Acad. of Med., Sec. Ser.; 
20: 304-410, 1944. 

Turner, C. E. Personal and Community Health. Seventh edition. St. Louis 
(C. V. Mosby Co.), 1943. Pp. 585. 8% X 5% inches. $3.50. [List of refer- 
ences for each chapter. ] 

Wuittock, Ottve M., Vicrorta M. Trasko, and F. Ruta Kant. Nursing Prac- 
tices in Industry. Pub. Health Bull. No. 283. Washington (Govt. Printing 
Office), 1944. Pp. iv + 70. 9% X 5% inches. 5 cents. [Bibliography of 
6% pages.] 

Winstow, C. -E. A. International Organization for Health, New York (Com- 
mission to Study the Organization of Peace), 1944. Pp. 32. 8% X 5% 
inches. 10 cents. 

Wotan, Apet, ALFrep H. FLetcHer, and Witmer H. Scuvutze. Favorable and 
adverse developments in the school environment. Am. J. Pub. Health, 34: 
484-488, 1944. 

Wricut, Wuarp H. The Bedbug—Its Habits and Life History and Methods of 
Control. Supp. to Pub. Health Rep. No. 175. Washington (Govt. Printing 
Office), 1044. Pp. 9 + 2 plates. 9% X 5% inches. 5 cents. [1 bibliographic 
footnote. ] 


3. Migration 


TayLor, GrirFirH. Environment, Race and Migration. Fundamentals of Human 
Distribution ; with Special Sections on Racial Classification; and Settlement in 
Canada and Australia. Toronto (Univ. of Toronto Press), 1937. Pp. xv + 
483. 9% X 6% inches. $3.50. [Bibliographic footnotes throughout.] 


4. Population 


BurEAU OF THE Census. Population—Special Reports. Washington, D.C. Mar- 
riages in the United States: 1914 to 1943. Series PM-1, No. 1. July 4, 1044. 
Pp. 2. 

Bureau oF THE Census. Population—Special Surveys. Washington, D.C. Mar- 
ital status of the civilian population: February, 1944. Series P-S, No. 1. 
June 20, 1944. Pp. 3. 

Bureau or THE Census. Population—Special Reports. Washington, D.C. Nor- 
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mal growth of the labor force in the United States: 1940 to 1950. Series P-44, 
No. 12. June 12, 1944. Pp. 4. 

13. State of birth of the native population: 1940. June 24, 1944. Pp. 7. 

14. Estimated population in continental United States excluding armed forces 
overseas, by months: May I, 1940, to July 1, 1943. June 26, 1944. Pp. 2. 

15. Estimated civilian population, by age and sex, for selected areas: No- 
vember 1, 1943. July 1, 1944. Pp. 9. 

16. Estimated population in continental United States, by regions, divisions, 
and states: July 1, 1943. July 12, 19044. Pp. 2. 

17. Interstate migration and other population changes: 1940 to 1943. Aug. 
28, 1944. Pp. 5. 

18. Provisional estimates of the population 21 years old and over for the 
United States, by states: Nov. 1, 1943. Aug. 29, 1044. P. 1. 

Davis, Kincstey. Demographic fact and policy in India. Milbank Mem. Fd. 
Quart., 22: 256-278, 1944. [Some bibliographic footnotes.] 

Jurxat, Ernest. Prospects for population growth in the Near East. Milbank 
Mem. Fd. Quart., 22: 300-317, 1944. [1 bibliographic footnote.] 

Moore, Wipert E. Agricultural population and rural economy in eastern and 
southern Europe. Milbank Mem. Fd. Quart., 22: 279-299, 1944. [Some biblio- 
graphic footnotes.] 

Tasuser, Irene B., and Epwin G. Beat. The dynamics of population in Japan. 
Milbank Mem. Fd. Quart., 22: 222-255, 1944. [25 bibliographic footnotes.] 
TruespeLt, Leon E. [Prepared under the supervision of]. Population: Families, 
Size of Family and Age of Head, Regions and Cities of 1,000,000 or More. 
Washington (Govt. Printing Office), 1944. Pp. iv + 127. 11% X Q inches. 

30 cents. 


5. Mortality and General Vital Statistics 


Bureau or THE Census. Vital Statistics—Current Mortality Analysis. Washing- 
ton, D.C. Discussion of returns from the mortality sample. Vol. 2. No. 4 
Apr., June 26. No.5. May, July 25. No.6. June, Aug. 26. 

Bureau or THE Census. Vital Statistics—Special Reports. Washington, D.C. 
Various numbers of Volume 109, Selected Studies, as follows: 

14. Comparison of cause of death assignments by the 1929 and 1938 revisions 
of the International List deaths in the United States, 1940. Pp. 154-277. 

16. The birth registration system of Canada. Pp. 289-337. 

17. Live births by age of mother, United States and each state, 1942. Pp. 
339-350. 

19. Deaths and death rates for selected causes by age, race, and sex, United 
States, 1942. Pp. 366-391. 

Bureau oF THE Census. Vital Statistics—Special Reports. Washington, D.C. 
Various numbers of Volume 20, State Summaries, as follows: 

52, Hawaii; 53, Puerto Rico; 54, Virgin Islands; 55, Index. 

Dunn, Harsert L. [Prepared under the supervision of]. Vital Statistics of the 
United States, 1942. Pt. I. Natality and Mortality Data for the United 
States Tabulated by Place of Occurrence with Supplemental Tables for Hawaii, 
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Puerto Rico, and the Virgin Islands. Pp. iii + 176. $1.25. Pt. Il. Natality 
and Mortality Data for the United States Tabulated by Place of Residence. 
Washington (Govt. Printing Office), 1944. Pp. iii + 533. 1134 X 9% inches. 
$2.00. 

Goocu, Marjorie. Maternal and infant mortality in the United States, 1942. 
The Child, 8: 179-185, 1944. Pp. (of reprint) 8. 

Linver, Forrest E. International vital statistics of the future. Am. J. Pub. 
Health, 34: 603-606, 1944. 

MacDona.p, ELEANor J. The state-wide cancer record registry in Connecticut. 
The Med. Woman’s J., Apr. 1944. Pp. (of reprint) 4. 

Martin, W. J. The sex ratio of pneumonia mortality. J. Hyg., 43: 315-327, 1944. 

RecIsTRAR-GENERAL’S Statistical Review of England and Wales for the Year 1939. 
(New Annual Series, No. 19). Tables. Part I. Medical. London (H.M. 
Stationery Office), 1944. Pp. vi + 338. 956 X 6 inches. 5s (paper). 

REGISTRAR-GENERAL’S Statistical Review of England and Wales for the Year 1939. 
(New Annual Series, No. 19. Tables. Part II. Civil. London (H.M. 
Stationery Office), 1944. Pp. vi + 130. 95% X 6 inches. 2s (paper). 

REGISTRAR-GENERAL’S Statistical Review of England and Wales for the Year 1940. 
(New Annual Series, No. 20). Tables. Part II. Civil. London (H.M. 
Stationery Office), 1944. Pp. vi + 94. 95% X 6 inches. 1s. 6d. 

TeLexy, Acnes. A note on the vital statistics of Iceland. Brit. Med. J., 1: 597, 
1944. 

YERUSHALMY, J. Births, infant mortality, and maternal mortality in the United 
States, 1942. Pub. Health Rep., 59: 797-810, 1944. [Bibliography of 2 titles.] 


6. Morbidity and Epidemiology 


DoprLer, WILLIAM ARKwRIGHT [Prepared by]. Tuberculosis, Labor and Manage- 
ment. A Guide to Industrial Relations. New York (National Tuberculosis 
Assoc.), 1944. Pp. 52. 9 X 6 inches. [Bibliographies for most chapters.] 

Fow.Ler, Wrt1aM. The reportable diseases: diseases and conditions required to 
be reported in the several states. Pub. Health Rep., 59: 317-340, 1944. 

Levin, Morton L. The epidemiology of cancer. From the viewpoint of the Health 
Officer. Am. J. Pub. Health, 34: 611-620, 1944. [Bibliography of 27 titles.] 

LaEMMERT, H. W. Jr. Susceptibility of marmosets to different strains of yellow 
fever virus. Am. J. Trop. Med., 24: 71-81, 1944. [Bibliography of 11 titles.] 

Licut, Jacos S., and Horace L. Hopes. Studies on epidemic diarrhea of the new- 
born: isolation of a filtrable agent causing diarrhea in calves. Am. J. Pub. 
Health, 33: 1451-1454, 1943. [Bibliography of 1 title.] 

Unrrep States Pustic HEALTH Service. The Notifiable Diseases: Prevalence of 
Certain Important Communicable Diseases, by States, 1942. Washington 
(Govt. Printing Office), 1944. > 13. 9% X 5% inches. 5 cents. 


7. Natality, Fecundity, Fertility 


BUNDESEN, HerMAN N. The Baby Manual. A Practical Guide from Early Preg- 
nancy through the Second Year of Life. Foreword by Thomas Parran. New 
York (Simon and Schuster), 1944. Pp. xii + 590. 834 X 55% inches. $3.00. 





304 HUMAN BIOLOGY 


CasTALLo, Mario A., and Auprey Watz. Expectantly Yours. A Book for Ex- 
pectant Mothers and Prospective Fathers. Illustrated by Helen G. Schad. 
New York (Macmillan Company), 1943. Pp. xiii + 110. 734 X § inches. 
$1.75. 

Horcukiss, Rosert SHERMAN. Fertility in Men. With a Foreword by Nicholson 
J.Eastman. Philadelphia (J. B. Lippincott Company), 1944. Pp. xiii + 216. 
9 X 6 inches. $3.50. [Bibliography for each chapter.] 

Srecter, SAMueEL L. Fertility in Women. With a Foreword by Robert Latou Dick- 
inson. Philadelphia (J. B. Lippincott Company), 1944. Pp. xv + 450. 9 X 6 
inches. $4.50. [Bibliography for each chapter.] 


8. Birth Control 
[Vacant] 


9. Marriage and Divorce 
[Vacant] 


III. BEHAVIOR 
1. Racial and Genetic Psychology 


ARMSTRONG, Epwarp A. The Way Birds Live. London (Lindsay Drummond, 
Ltd.), 19043. Pp. 96. 8% X 5% inches. 7s. 6d. 

Du Bors, Cora. The People of Alor. A Social-Psychological Study of an East 
Indian Island. With Analysis by Abram Kardiner and Emil Oberholzer. 
Minneapolis (Univ. Minnesota Press), 1944. Pp. xvi + 654. 9 X 6 inches. 
$7.50. 

Meap, Marcaret. The American Character. New York (245 sth Ave.) and 
West Drayton, Middlesex, England (Penguin Books), 1944. Pp. 173. 7% X 
4% inches. 25 cents (paper). 


2. Individual Psychology 


AnastasI, A., and J. P. Fotey, Jr. An experimental study of the drawing behavior 
of adult psychotics in comparison with that of a normal control group. 
J. Exper. Psychol., 34: 169-194, 1944. [Bibliography of 5 titles.] 
Berrien, F. K. Practical Psychology. New York (Macmillan Company), 1944. 
Pp. xii + 584. 83% X 5% inches. $4.00. [Bibliography of 22% pages.] 
CHITTENDEN, GERTRUDE E. Living with Children. New York (Macmillan Com- 
pany), 1944. Pp. ix + 163. 8 X 5% inches. $1.75. [“Additional Readings” 
for each chapter and a bibliography of “Reading Materials about Children and 
Their Families” of 7 pages.] % 

Cooper, Marcia. Report of an experiment in mental hygiene. Pub. Health 
Nursing, Feb., 1944. Pp. (of reprint) 4. 

Do.tiarD, JoHN with the assistance of DonaLp Horton. Fear in Battle. Washing- 
ton (The Infantry Journal), 1944. Pp. vii + 64. 7% X 5% inches (paper). 

Wecuster, Davip. The Measurement of Adult Intelligence. 3d ed. Baltimore 
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(William and Wilkins Company), 1944. Pp. vii + 258. 9 X 6 inches. $3.50. 
[Bibliography of 2 pages.] 

Waite, Wenvett. Psychology in Living. New York (Macmillan Company), 
1944. Pp. xviii + 333. 8 X 5% inches. $2.50. [Some bibliographic foot- 
notes. ] 

Wi, Nett. The personality development of a stuttering boy. efc., 1: 165-173, 
1944. 


3. Psychiatry 


KarpMAN, Ben. Case Studies in the Psychopathology of Crime. A Reference 
Source for Research in Criminal Material. Vol. 2, Cases 6-9. Baltimore 
(Lord Baltimore Press), 1944. Pp. viii + 738. 10% X 8% inches. $16.00. 

MALZBERG, BENJAMIN. The expectation of an alcoholic mental disorder in New 
York State, 1920, 1930, and 1940. Quart J. of Studies on Alcohol, 4: 523-534, 
1944. 

Various AutHors. Proceedings of the Second Brief Psychotherapy Council, 
Chicago, Ill., January, 1944. 1. War Psychiatry. Pp. 55. II. Psychosomatic 
Medicine. Pp. 64. III. Psychotherapy for Children. Pp. 58. Chitago (Inst. 
for Psychoanalysis), 1944. 9 X 6 inches. Single copy, 75 cents; set of three, 
$2.00 (paper). [Bibliography of 4 pages.] 


4. History and Biography 


Damprer, Sir Wrtt1am Ceci. A Shorter History of Science. New York (Mac- 
millan Company), 1944. Pp. x + 189. 7% X 5 inches. $2.00. [Bibliography 
of 1% pages.] 

Nyessen, D. J. H. The evolution of Eug. Dubois’ conceptions. Bol. de la Real 
Soc. Espatiola de Hist. Natural, 41: 459-464, 1943. [1 bibliographic footnote.] 

Pacet, Water. The Religious and Philosophical Aspects of van Helmont’s 
Science and Medicine. Supplements to the Bull. Hist. Med., No. 2. Baltimore 
(Johns Hopkins Press), 1944. Pp. 44. 10 X 7 inches. $1.00 (paper). 
[Bibliographic footnotes throughout.] 

Rippte, Oscar. Charles Benedict Davenport. Science, 99: 441-442, 1944. 

Ropcers, ANpREw Denny, III. John Merle Coulter. Missionary in Science. 
Princeton (Princeton Univ. Press), 1944. Pp. ix + 321. 9% X 6 inches. 
$3.75. [Some bibliographic footnotes.] 

STEGGERDA, Morris. Charles Benedict Davenport (1866-1944); the man and his 
contributions to physical anthropology. Am. J. Physical Anthrop., New Ser. 
2: 167-185, 1944. [2 bibliographic footnotes.] 

Terris, Mitton. An early system of compulsory health insurance in the United 
States, 1798-1884. Bull. Hist. of Med., 15: 433-444, 1944. [Bibliography of 
12 titles.] 


5- Sociology, Law, Politics and Religion 


Horstapter, Ricwarp. Social Darwinism in American Thought, 1860-1915. 
Philadelphia (Univ. Penna. Press), 1944. Pp. viii + 191. 10% X 8% inches. 
$2.50. [Bibliographic footnotes throughout and bibliography of 10 pages.] 
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Kiser, Ciype V., and Louise K. Kiser. Race conditions in the United States. 
Reprinted from The American Yearbook, New York (Thomas Nelson and 
Sons), 1944. Pp. 545-556. 

Moscow DectaRATION OF OcToBER 30, 1943. A Design for a Charter of the General 
International Organization. New York (Milbank Mem. Fd. Quart.), Aug. 1, 
1944. Pp. 23. 8% X 5% inches. 


6. Economics 


Kiessiinc, Oscar E., and Nichoras YAworsk1 [Prepared under the supervision 
of]. Mineral Industries 1939. Vol. I. General Summary and Industry 
Statistics. Washington (Govt. Printing Office), 1944. Pp. viii + 876. 
11@ X 9% inches. $2.75. 

LeacueE or Nations. International Currency Experience. Lessons of the Inter- 
War Period. New York (Columbia Univ. Press), 1944. Pp. 249. 9 X 6 
inches. $3.25 (paper). [Some bibliographic footnotes. ] 

WaccAMAN, Mary T. Family Allowances in Various Countries. Bull. No. 754 of 
the United States Bureau of Labor Statistics. Washington (Govt. Printing 
Office), 1943. Pp. iii + 62. 9% X 5% inches. 10 cents (paper). [122 
bibliographic footnotes. ] 

Wyatr, S. A study of variations in output. Medical Research Council. Emer- 
gency Report No. 5 of the Industrial Health Research Board. London (H. M. 
Stationery Office), 1944. Pp. iv + 16. 954 X 6 inches. 4d. [3 bibliographic 
footnotes. ] 


7. Education 


Coss, W. Montacue. Education: priority number one. Phylon, 4th Quart.: 305- 
310, 1943. [1 bibliographic footnote.] 

Norwoop, W1..iAM Frepertck. Medical Education in the United States Before 
the Civil War. Foreword by Henry E. Sigerist. Philadelphia (Univ. Penna. 
Press), 1944. Pp. xvi + 487. 9% X 6% inches. $6.00. [Many bibliographic 
footnotes and bibliography of 27 pages.] 

U. S. Orrice or Epucation. Conference Workbook on Problems of Post-War 
Higher Education. Washington (Govt. Printing Office), 1944. Pp. 38 
9% X 5% inches. 10 cents (paper). 

Woman, Ase, Atrrep H. Fiercuer, and Witmer H. Scuuize. Favorable and 
adverse developments in the school environment. Am. J. Pub. Health, 34: 484- 
488, 1944. 

Woopy, Ciirrorp. Some next steps in teacher education. J. Educ. Research, 37: 
670-683, 1944. 


8. Ethnology, Cultural Anthropology, Travel and Exploration 


Bonpanowicz L. The Polish Tatars. Man, 44: 116-121, 1944. 

Cuanc, Yrn-Tanc. Anthropological features of the Shans and their geographical 
environment in south-west Yunnan. Man, 44: 61-68, 1944. [ 6 bibliographic 
footnotes. ] 
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Currrorp, Mires. Notes on the Bassa-Komo tribe in the Igala division, Nigeria. 
Man, 44: 107-116, 1944. [1 bibliographic footnote.] 

Coon, Carteton S. and JAMes M. Anprews, IV (Eds.). Studies in the Anthro- 
pology of Oceania and Asia presented in memory of Roland Burrage Dixon, by 
James Anprews, IV, Gorpon T. Bow es, Carteton S. Coon, Kennet P. 
Emory, JAMes H. Gaur, Epwarp W. Craicuitt Hanpy, W. W. HoweE tts, 
FrepericK S. Hutse, RAtpo Linton, L1 Cur, Gorpon MacGrecor, DoucLas 
L. Ortver, Harry L. Smaprro, and R. Lauriston SHarp. Papers of the 
Peabody Museum of Archaeology and Ethnology, Harvard University, Vol. 
XX. Cambridge, Mass. (Museum Press), 1943. Pp. xiv + 220 + 20 plates. 
10% X 7% inches. $4.50 (paper); $6.00 (cloth). [“References Cited” for 
most papers.] 

HrpuréKxa, Atés. Alaska Diary, 1926-1931. Lancaster (Jaques Cattell Press), 
1943. Pp. xv + 414. 93% X 6% inches. $5.00. 

Janse, Otov R. T. The Peoples of French Indochina. Smithsonian Institution 
War Background Studies Number Nineteen. (Publication 3768.). Washing- 
ton (Smithsonian Instn.), 1944. Pp. 28 + 25 plates. 9 X 6 inches. Free 
(paper). [Bibliography of 1 page.] 
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